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(54) Quinazolin-4-one ampa antagonists 

(57) The present invention relates to novel quinazolin-4-one derivatives of the formula I 




wherein A is a benzo or thieno fused aromatic ring; 



B is phenyl(£y ridyl or pyrimidyp 
X is N or CH^ 

Y and Z, taken together, Le., Y-Z, are either -CH 2 NH- or -NHCH 2 -; 

R 1 is selected from hydrogen, (C,-C 6 )alkyl optionally substituted with from one to three fluorine atoms, cyano, 
halo, amino, nitro and (C-j-C^alkoxy optionally substitut d with from one to three fluorine atoms; 
R 2 is halo, cyano, (C-j-C^alkyl optionally substituted with from one to three fluorine atoms, nitro, amino, (C,-C 6 ) 
alkytthio, (C^CgJalkoxy optionally substituted with from one to three fluorine atoms, hydroxy, H-C(=0)-, (C^Ce) 
alkyl-0-C(=0)- or NH 2 -C(=0)-; 
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R3 and are s lect d. independently, from hydrogen, (CVCeJalkyI optionally substituted with from on to thre ; 
fluorine atoms, halo, cyano, hydroxy (C^a'koxy optionally substituted with from one to three fluor.ne atoms, .-C 
(=0)H, -CH 2 OR 5 and -CH 2 NR 6 R 7 ; 

pharmaceutical compositions containing such compounds the use of such compounds to treat neurodegenerative, 
psychotropic, and drug and alcohol induced central and peripheral nervous system disorders. 
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Description 

Background of the Invention 

s The present invention relates to quinazoltn-4ones of the formula l : as described below, their pharmaceutically 

acceptable salts, pharmaceutical compositions containing them and their use in treating neurodegenerative, psycho- 
tropic, and drug and alcohol induced central and peripheral nervous system disorders. 

The role of excitatory amino acids, such as glutamic acid and aspartic acid, as the predominant mediators of 
excitatory synaptic transmission in the central nervous system has been well established. Watkins & Evans, Ann. Rev. 

10 Pharmacol. Toxicol, 21, 165 (1981); Monaghan, Bridges, and Cotman, Ann. Rev. Pharmacol. Toxicol., 29, 365 (1989); 
Wntkms. Krogsgaard-Larsen, and Honore, Trans. Pharm. ScL, 11 , 25 (1990). These amino acids function in synaptic 
irnnsmission primarily through excitatory amino acid receptors. These amino acids also participate in a variety of other 
physiological processes such as motor control, respiration, cardiovascular regulation, sensory perception, and cogni- 
tion 

'£ Excitatory amino acid receptors are classified into two general types. Receptors that are directly coupled to the 

opening of cation channels in the cell membrane of the neurons are termed "ionotropic." This type of receptor has been 
subdivided into at least three subtypes, which are defined by the depolarizing actions of the selective agonists N- 
meinyi-D-aspartate (NMDA), a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA), and kainic acid (KA). 
The second general type is the G-protein or second messenger-linked "metabotropic" excitatory amino acid receptor. 

?o This second type, when activated by the agonists quisqualate, ibotenate, or trans-1 -aminocyciopentane-1 ,3-dicarbo- 
*y\K. nuid. leads to enhanced phosphoinosoitide hydrolysis in the postsynaptic cell. Both types of receptors appear not 
o*iiy to mediate normal synaptic transmission along excitatory pathways, but also participate in the modification of 
byrvtptic connection during development and changes in the efficiency of synaptic transmission throughout life. Sch- 
oopp Bockaert, and Sladeczek. Trends in Pharmacol. ScL, 11, 508 (1990); McDonald and Johnson, Brain Research 

^ Rsvtcws. 15, 41 (1990). 

Tho excessive or inappropriate stimulation of excitatory amino acid receptors leads to neuronal cell damage or 
io»s by way of a mechanism known as excitotoxicity. This process has been suggested to mediate neuronal degener- 
ation m h variety of conditions. The medical consequences of such neuronal degeneration makes the abatement of 
ifv»«^ regenerative neurological processes an important therapeutic goal. 

F xr.itatory amino acid excitotoxicity has been implicated in the pathophysiology of a number of neurological dis- 
ewejor i This excitotoxicity has been implicated in the pathophysiology of acute and chronic neurodegenerative condi- 
tion*, including stroke, cerebral ischemia, spinal cord trauma, head trauma, Alzheimer's Disease, Huntington's Chorea, 
,im v . rifophic lateral sclerosis, epilepsy, AIDS-induced dementia, perinatal hypoxia, hypoxia (such as conditions caused 
tn MMnqulation, surgery, smoke inhalation, asphyxiation, drowning, choking, electrocution or drug or alcohol over- 

J- tv^oi oirdiac arrest, hypoglycemic neuronal damage, ocular damage and retinopathy idiopathic and drug-induced 
* >ifkm son's Disease and cerebral deficits subsequent to cardiac bypass surgery and grafting. Other neurological con- 
cji *> s iftnl are caused by glutamate dysfunction, require neuromodulation. These other neurological conditions in- 
t luf.k m jscular spasms, migraine headaches, urinary incontinence, psychosis, addiction withdrawal (such as alcohol- 
ic?. ,if»<jdfug addiction including opiate, cocaine and nicotine addiction), opiate tolerance, anxiety, emesis, brain edema, 
t f Kri* ,-md acute pain, convulsions, retinal neuropathy, tinnitus and tardive dyskinesia. The use of a neuro-protective 
-i jont such as an AMPA receptor antagonist, is believed to be useful in treating these disorders and/or reducing the 
,'T„ *jf ti neurological damage associated with these disorders. The excitatory amino acid receptor (EAA) antagonists 
.»*•• useful as analgesic agents. 

:>ovcrHl studies have shown that AMPA receptor antagonists are neuroprotective in focal and global ischemia 
rM *>*ts I he competitive AMPA receptor antagonist NBQX (2,3-dihydroxy-6-nitro-7-suIfamoylbenzo[f-]quinoxaIine) has 
tw*;n reported effective in preventing global and focal ischemic damage. Sheardown et a]., Science, 247, 571 (1900); 
hw<-h.*n ct al., Neuroreport, 2, 473(1991); LePeillet et al., Brain Research, 571 , 115 (1992). The noncompetitive AMPA 
i t.v upt^» nrUcigonist GKYI 52466 has been shown to be an effective neuroprotective agent in rat global ischemia models. 
LiF-t.iik.-i ci aj., Brain Research, 571, 115 (1992). These studies strongly suggest that the delayed neuronal degener- 

so rUicn cn orain ischemia involves glutamate excitotoxicity mediated at least in part by AMPA receptor activation. Thus, 
AMPA receptor antagonists may prove useful as neuroprotective agents and improve the neurological outcome of 
ccrebr.il ischemia in humans. 

Summn^y of the Invention 

55 

The present invention r lates to compounds of the formula 
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A is a benzo or thieno fused aromatic ring; 
B is phenyl, pyridyl or pyrimidyl; 
X is N or CH; 

Y and Z, taken together, .Le., Y-Z, are either -CH 2 NH- or -NHCH 2 -; 

R1 is selected from hydrogen, (C r C 6 )alkyl optionally substituted with from one to three fluorine atoms, cyano, 

halo, amino, nitro and {C, -C 6 )alkoxy optionally substituted with from one to three fluorine atoms; 

R2 is halo, cyano, (C r C 6 ) alkyl optionally substituted with from one to three fluorine atoms, nitro, amino, (C r C 6 ) 

alkylthio, (C r C 6 )alkoxy optionally substituted with from one to three fluorine atoms, hydroxy, H-C( = O)-, (C r C 6 ) 

alkyl-O-C(=O)-orNH 2 -C(=0)-; 

R3 and R 4 are selected, independently, from hydrogen, (C 1 -C 6 )alkyl optionally substituted with from one to three 
fluorine atoms, halo, cyano, hydroxy (C, -C 6 )alkoxy optionally substituted with from one to three fluorine atoms, -C 
(=0)H, -CH 2 OR 5 and -CH 2 NR 6 R 7 ; 

R5 is hydrogen, (C r C 6 )alkyl or -C(= OKC^C^alkyl; and ^ 

R6 and R 7 are selected, independently, from hydrogen, (CVC 6 )alkyl, -C(= 0)H and -C(=0)(C 1 -C 6 )alkyl ) 

or R 6 and R 7 , taken together with the nitrogen to which they are attached, form a four to seven membered saturated 

or unsaturated ring wherein one of the carbon atoms of such ring may optionally be replaced by oxygen or nitrogen 

(for example, a morpholine, piperidine, pyrrolidine, ptperizine, azetidine, pyrrole, pyridine or oxazoline ring); 

and the pharmaceutical^ acceptable salts of such compounds. 

The present invention also relates to the pharmaceutical^ acceptable acid addition salts of compounds of the 
formula I The acids which are used to prepare the pharmaceutical ly acceptable acid addition salts of the aforemen- 
tioned base compounds of this invention are those which form non-toxic acid addition salts, Le^ salts containing phar- 
macologically acceptable anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, 
phosphate acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate, maleate, fumarate, glu- 
conate, saccharate, benzoate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesu If onate and pamo- 
ate [Le., l,r-methylene-bis-(2-hydroxy-3-naphthoate)]salts. 

Examples of preferred compounds of the formula I are those wherein R 1 is fluoro. 

Other Examples of preferred compounds of the formula I are those wherein Y-Z is -CH 2 NH-, ring A is a benzo ring 
and R 1 is fluoro. 

Other examples of preferred compounds of the formula I are wherein R 2 is halo, methyl or tnfluoromethyl. 
Other examples of preferred compounds of the formula I are those wherein Y-Z is -CH 2 NH-, ring A is a benzo ring, 
R1 is fluoro, ring B is 2-pyridyl or phenyl and R 3 is cyano, fluoro, methyl or -CH 2 NR 6 R 7 
Other more specific embodiments of this invention are the following: 

(a) compounds of the formula I wherein ring A is benzo; 

(b) compounds of the formula I wh rein ring A is thieno; 

(c) compounds of the formula I wherein ring B is phenyl; 
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(d) compounds of the formula I wherein ring B is a pyridine or pyrimidine ring; and 

(e) compounds of th formula I wherein R 6 and R 7 , together with the nitrogen to which they are attached, form a 
morpholine or pyrrolidine ring. 

5 Examples of specific compounds of this invention are: 

3-(2^loro-phenyl)-64luoro-2-[(pyridin-2-ylmethyl)-amino]-3H-quinazolin-4-one; 

64luoro-3-(2-methyl-phenyl)-2-[(pyridin-2-ylmethyl)-amino]-3H-quinazolin-4-one; 

3-(2-chlorcHphenyl)-6-fluor^ 
10 3-(2^hloro-phenyl)-2-[(2-cyanophenyl-methyl)-amino]-6-fluoro-3H-quinazolin-4-one; 

3-(2-chloro-phenyl)-24(6-diethylam 

3-(2-chlorc-phenyl)-6-fluoro-2-[(6-^ 

3-(2-chloro-phenyl)-2-[(3-pyrrolidinO-y1m^ 

3-(2-methyl-phenyl)-2-[(3-pyrrolidin-1-ylme 
is 3-(2-chloro-phenyl)-2-[(24luoro-phenylamino)-methyl]-3H-thieno[3,2-d]pyrimidin-4-one; 

3-(2-chloro-pyrid-3-yl)-2-[(3-pyrrolidinO-yto^ 

2- {[3-(2-chloro-pyrid-3-yl)-4-oxo-3,4-dih^ 

3- (2-chloro-phenyl)-2-[(3-pyrrolidin-l-ylmethyl-phenylamino)-methyl]-3H-quina2olin-4-one; 
6-chloro-3-(2-chloro-phenyl)-2-[(3-pyff^^ 

20 6-chloro-3-(2^;hloro-phenyl)-24(3<Jiethylaminomethyl-phenylamino)-methyl]-3H-quinazolin-4-one; 
6-chlorc>-3-(2-chloro-pyrid-3-yI)-2-[(3Kiieth^ 
6-chloro-3-(2-trifluoromethyl-phenyl)-2-K^ 

2-{[3-(2-chloro-pyridin-3-yl)-4-oxo-3,4-dihydro-quinazolin-2-ylmethyl]-amino}-benzonitrile; 
2-{[3-(2-methyl-pyridin-3-yl)-oxo-3,4-dihydro-quinazolin-2-ylmethyl]-amino}-benzonitrile; 
25 2-{[6-fluoro-3-(2-methyl-phenyl)-4-oxo-3 1 4-dihydro-quinazolin-2-ylmethyl]-amino]-nicotinonitrile; and 

2-{[3-(2-chloro-phenyl)-4-oxo-3 l 4-dihydro-quinazolin-2-ylmethyl]-amino}-nicotinonitrile. 

This invention also relates to a pharmaceutical composition for treating a condition selected from stroke, cerebral 
ischemia, spinal cord trauma, head trauma, Alzheimer's Disease, Huntington's Chorea, amyotrophic lateral sclerosis, 

30 epilepsy, AIDS-induced dementia, muscularspasms, migraine headaches, urinary incontinence, psychosis, convul- 
sions, perinatal hypoxia, hypoxia (such as conditions caused by strangulation, surgery, smoke inhalation, asphyxiation, 
drowning, choking, electrocution or drug or alcohol overdose), cardiac arrest, hypoglycemic neuronal damage, opiate 
tolerance, addiction withdrawal (such as alcoholism and drug addiction including opiate, cocaine and nicotine addic- 
tion), ocular damage, retinopathy, retinal neuropathy, tinnitus, idiopathic and drug induced Parkinson's Disease, anxiety, 

35 mesis, brain edema, chronic or acute pain, tardive dyskinesia and cerebral deficits subsequent to cardiac bypass 
surgery and grafting, in a mammal, comprising an amount of a compound of formula I that is effective in treating such 
condition and a pharmaceutical^ acceptable carrier. 

This invention also relates to a method of treating a condition selected from stroke, cerebral ischemia, spinal cord 
trauma, head trauma, Alzheimer's Disease, Huntington's Chorea, amyotrophic lateral sclerosis, epilepsy, AIDS-induced 

40 dementia, muscular spasms, migraine headaches, urinary incontinence, psychosis, convulsions, perinatal hypoxia, 
hypoxia (such as conditions caused by strangulation, surgery, smoke inhalation, asphyxiation, drowning, choking, elec- 
trocution or drug or alcohol overdose), cardiac arrest, hypoglycemic neuronal damage, opiate tolerance, addiction 
withdrawal (such as alcoholism and drug addiction including opiate, cocaine and nicotine addiction), ocular damage, 
retinopathy, retinal neuropathy, tinnitus, idiopathic and drug induced Parkinson's Disease, anxiety, emesis, brain ede- 

45 ma, chronic or acute pain, tardive dyskinesia and cerebral deficits subsequent to cardiac bypass surgery and grafting, 
in a mammal, comprising administering to a mammal in need of such treatment an amount of a compound of formula 
I that is effective in treating such condition. 

This invention also relates to a pharmaceutical composition for treating a disorder or condition, the treatment of 
which can be effected or facilitated by reducing or inhibiting glutamate neurotransmission in a mammal, comprising an 

so amount of a compound of formula I , or a pharmaceutical^ effective salt thereof, that is effective in treating such disorder 
or condition and a pharmaceutically acceptable carrier. 

This invention also relates to a method of treating a disorder or condition, the treatment or prevention of which can 
be effected or facilitated by reducing or inhibiting glutamate neurotransmission in a mammal, comprising administering 
to a mammal in need of such treatment an amount of a compound of formula I, or a pharmaceutically effective salt 

55 thereof, that is effective in treating such disorder or condition. 

This inv ntion also relates to a pharmaceutical composition for treating a condition selected from stroke, c rebral 
ischemia, spinal cord trauma, head trauma, Alzheim r"s Disease, Huntington's Chorea, amyotrophic lat ral sclerosis, 
epilepsy, AIDS-induc d dementia, muscular spasms, migraine headaches, urinary incontinence, psychosis, convul- 
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sions perinatal hypoxia, hypoxia (such as conditions caused by strangulation, surgery, smoke inhalation, asphyxiation, 
drowning choking, electrocution or drug or alcohol overdose), cardiac arrest, hypoglycemic neuronal damage, opiate 
tolerance addiction withdrawal (such as alcoholism and drug addiction including opiate, cocaine and nicotine addic- 
tion) ocular damage, retinopathy, retinal neuropathy, tinnitus, idiopathic and drug indue d Parkinson's Disease, anxiety, 
s emesis brain edema, chronic or acute pain, tardive dyskinesia and cerebral deficits subsequent to cardiac bypass 
surgery and grafting, in a mammal, comprising an AMPA receptor antagonizing effective amount of a compound of 
formula I or a pharmaceutical^ salt thereof, and a pharmaceutically acceptable carrier. 

This invention also relates to a method for treating a condition selected from stroke, cerebral ischemia, spinal cord 
trauma head trauma, Alzheimer's Disease. Huntington's Chorea, amyotrophic lateral sclerosis, epilepsy, AIDS-mduced 
10 dementia muscular spasms, migraine headaches, urinary incontinence, psychosis, convulsions, perinatal hypoxia, 
hypoxia (such as conditions caused by strangulation, surgery, smoke inhalation, asphyxiation, drowning, choking elec- 
trocution or drug or alcohol overdose), cardiac arrest, hypoglycemic neuronal damage, opiate tolerance, addiction 
withdrawal (such as alcoholism and drug addiction including opiate, cocaine and nicotine addiction), ocular damage, 
retinopathy retinal neuropathy, tinnitus, idiopathic and drug induced Parkinson's Disease, anxiety, emesis. brain ede- 
»s m* chronic or acute pain, tardive dyskinesia and cerebral deficits subsequent to cardiac bypass surgery and grafting, 
.n h mammal, comprising administering to a mammal requiring such treatment an AMPA receptor antagonizing effective 
amount ot a compound of formula I. or a pharmaceutically acceptable salt thereof. 

This invention also relates to a pharmaceutical composition for treating a disorder or condition, the treatment of 
wtich can be effected or facilitated by reducing or inhibiting glutamate neurotransmission in a mammal, comprising an 
so AMPA receptor antagonizing effective amount of a compound of formula I . or a pharmaceutically acceptable salt thereof. 
,,iiUrt pharmaceutical^ acceptable carrier. u « *^ 

This invention also relates to a method for treating a disorder or condition, the treatment of which can be effected 
or lac .mated by reducing or inhibiting glutamate neurotransmission in a mammal, comprising administering to a mammal 
,cqu. f ,ng such treatment an AMPA receptor antagonizing effective amount of a compound of formula I or a pharma- 
--• ccuiiciilly acceptable salt thereof. 

umoss otherwise indicated, the alkyl groups referred to herein, as well as the alkyl moieties of other groups referred 
to hcrcn {e^, alkoxy). may be linear or branched, and they may also be cyclic (e^ cyclopropyl, cyclobutyl, cy- 
ciopcniyl or cyclohexyl) or be linear or branched and contain cyclic moieties. 

Tho term treating" as used herein, refers to reversing, alleviating, inhibiting the progress of. or preventing the 
.v (..^or-ior or condition to which such term applies, or one or more symptoms of such disorder or condition. The term 
liortimenf as used herein, refers to the act of treating, as "treating" is defined immediately above. 

Unless otherwise indicated, "halo" and "halogen", as used herein, refer to fluorine, bromine, chlorine or iodine. 
Compounds of the formula I may have chiral centers and therefore may exist in different enantiomeric and dias- 
.^oom,c torms This invention relates to all optical isomers and all stereoisomers of compounds of the formula I and 
- „,ut,.rcs thereof, and to all pharmaceutical compositions and methods of treatment defined above that contain or 
enpoy :hcm. respectively. 

Due to the substituent on the carbon at position "2" and the carbonyl group on the carbon at position 4 of the 
u„„wo,n-4-one of formula I, the ring attached to the nitrogen at position "3" can not rotate freely. This restricted 
f onion means that compounds of the formula I exist in two isomeric forms or atropisomers. These atropisomers can 

t „ s, ^ | , J rt ^ nt . on jncludeg {or example, those stereoisomers of compounds of the formula I that are atropisomers^ 
a., x -scmcrs are isomeric compounds that are chiral. le^ each isomer is not superimposable on its mirror image and 
tr,- .toners once separated, rotate polarized light in equal but opposite directions. Atropisomers are distinguished 
i.om cw<niiomers in that atropisomers do not possess a single asymmetric atom. Such compounds are conformationa 
.-.om-Ms wh,ch occur when rotation about a single bond in the molecule is prevented or greatly slowed as a result of 
. i-.it .n.eractions with other parts of the molecule and the substituents at both ends of the single bond are unsymmet- 
,k .,. A detailed account of atropisomers can be found in Jerry M a ^h Advanced Organic Chemistry, 101-102 (4th ed. 
ivci and m Oki. Too. Slereochem.. 14, 1-81 (1983). 

Ttic lollowing structure depicts the atropisomerism of the compound of formula I. 
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The bold lines in formula la indicate that the bolded atoms, and the groups attached thereto, are sterically restricted 
so as to exist orthogonally above the plane of the quinazolinone ring. This steric restriction is due to a rotational energy 
barrier preventing free rotation about the single bond connecting the nitrogen at position a 3 a of the quinazolinone ring 
to the X-containing (i.e. , phenyl or pyridyl) aryl group. 



25 Formulas I and la above include compounds identical to those depicted but for the fact that one or more hydrogen, 

carbon or other atoms are replaced by isotopes thereof. Such compounds are useful as research and diagnostic tools 
in metabolism pharmacokinetic studies and in binding assays. Specific applications in research include radioligand 
binding assays, autoradiography studies and in vivo binding studies. 

30 Detailed Description of the Invention 

The compounds of formula I can be prepared according to the methods of Scheme 1 . In the reaction Scheme and 
discussion that follow, unless otherwise indicated, rings A and B and substituents R 1 through R 7 , Y and 2 are as defined 
above for formula I. 
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the formula IV by r actioning it with acetyl chloride or acetic anhydrid in the presence of a base in a r action inert 
solvent. Suitable solvents include methylene chbride, dimethoxyethane, t-butyl methyl ther, dichloroethane, tetrahy- 
drofuran and dioxane. Suitable bases include trialkylamtnes such as triethylamine and tributylamine, dimethylaminopy- 
ridine and potassium carbonate, preferably triethylamine. The temperature of this reaction is in the range from about 

s 0°C to about 100°C for about 1 hour to about 10 hours, preferably at about 0°C to 30°C for about 3 hours. 

The acetamide of formula IV can be cyclized to form a compound of the formula III by reaction with a dehydrating 
agent, in the presence of a catalyst, in a dry reaction inert solvent. Suitable dehydrating agents include acetic anhydride, 
phosphorus pentoxide, dicyclohexylcarbodiimide, and acetyl chloride, preferably acetic anhydride. Suitable catalysts 
include sodium or potassium acetate, acetic acid, p-toluene sulfonic acid, or boron trifiuoride etherate, preferably so- 

io dium acetate. Suitable solvents include dioxane, toluene, diglyme or dichloroethane, preferably dioxane. The temper- 
ature for this reaction can range from about 0°C to about 150°C and the reaction is generally carried out for about 1 
hour to about 24 hours. Preferably, the reaction is conducted at about 80°C to 100°C for about 3 to 10 hours. 

Alternatively, the compound of formula V can be converted directly into a compound of formula III by reacting it 
with acetic anhydride in the presence of an acid catalyst in a solvent. Examples of acid catalysts that can be used are 

is acetic acid, sulfuric acid and p-toluene sulfonic acid. Acetic acid is preferred. Examples of solvents that can be used 
are toluene and xylene. Acetic acid is also the preferred solvent. The temperature for this reaction can range from 
about 20°C to about 150°C and the reaction is typically carried at for about 10 minutes to about 10 hours. The reaction 
is preferably carried out at about 80°C to 120°C for about 2 to 5 hours. 

The compound of formula III, formed by either of the above methods, can then be reacted with an amine of the 

20 formula 



25 




vii I 



in a polar protic solvent, in the presence of an acid catalyst, to form a compound of the formula II. Suitable acid catalysts 
include acetic acid, p-toluene sulfonic acid and sulfuric acid, with acetic acid being preferred. Suitable polar protic 
solvents include acetic acid, methanol, ethanol and isopropanol, with acetic acid being preferred. This reaction is gen- 
erally carried out at a temperature from about 20°C to about 150°C for about 1 hour to about 24 hours, preferably for 

40 about 6 hours at about 80°C to 120 D C. 

Alternatively, a compound of the formula IV can be directly converted to a compound of the formula II by reaction 
with a dehydrating agent, an amine of the formula VIII, as described above, and a base, in a reaction inert solvent. 
Examples of dehydrating agents that can be used are phosphorous trichloride, phosphorous oxychloride, phosphorous 
pentachloride and thionyi chloride, with phosphorous trichloride being preferred. Suitable bases include pyridine, luti- 

45 dine, diisopropylethylamine, dimethylaminopyridine, triethylamine and N-methyl morpholine. Suitable solvents include 
toluene, cyclohexane, benzene and xylene. Preferably, pyridine is used as the base and the reaction is carried at in a 
toluene solvent. Under some circumstances, when the combined reactants are a liquid, the reaction may be run neat 
The temperature can range from about 50°C to about 150°C, and the reaction is generally allowed to run for about 1 
hour to about 24 hours. It is preferably carried out at about 80°C to 120 D C for about 2-8 hours. 

50 Scheme 2 illustrates the synthesis of compounds of formula I from the corresponding compounds of formula II. 

Referring to Scheme 2, reaction of a compound of the formula II with dimethylformamide dimethyl acetal complex 
(DMF-DMA) in dimethylformamide (DMF) at a temperature from about 50°C to about 180°C, preferably from about 
100°C to about 150°C yields, the corresponding amines of formula IX. 

The aldehydes of formula X can be formed by reacting the corresponding enamines of formula IX with sodium 

55 periodate (Nal0 4 ) or potassium p rmanganat (KMn0 4 ) in a solvent mixture containing wat r and an organic solvent 
such as ther, dimethoxyethane (DME), dioxane and t trahydrofuran (THF), pref rably THF, at a temperatur from 
about 0°C to about 80°C, preferably at about room temperature. An aqueous buffer is preferably added to the reaction 
mixture to maintain a pH of about 7. 



13 

BNSDOQID <EP 0884310A1 Jj> 



EP0 884 310 A1 



10 



15 



20 



25 



The aldehydes formed in the for going reaction can be converted into th corresponding compounds of formula I 
by reductive amination using, as the amine, a compound of the formula 
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The reductive amination can be carried out at a temperatures ranging from about 0°C to 

about 20»C to 100-C, using any of a variety of reducing agents, for example, sodium cyanoborohydr de (NaB^CN), 

TSSSSSfSSL benzene, aceticacid, methanoi and ethanoi. The preferred solvent wi.l vary wrth the choice 
of reducing Zt as will be obvious to those of skill in the art. Reduction can also be accomplished by hydrogenat.on. 
nJnn hJnLSn Is aTa pressure of about 1 to about 5 atmospheres, a catalyst selected from rhod.um, pallad.um, 
^TnyZZlt, p "inum 2cS.. Hydrogenation can also be carried out using a chemica, hydrogen source 
such as ammonium formal or formic acid. Such transfer hydrogenation wi.l use the same 

The reductive amination may be optionally carried out in the presence of a dehydrat.ng agent such as sod.um sulfate, 

ma9 rrdu s ita^rn - ™» - *■«- * f^r 3 t 

desired *e inte fnTermediate of formula XIII can be formed (and optionally isolated) ^P^^^TSS 
mixture using an acid such as p-toluenesulfonic acid or sulfuric acid, wrth or without azeotrop.c removal . ofwatm. pnor 
toSonofthereducingagent.^ 

Cohere 'ZE^'^l^^ impounds of the formula I. from those of fon. ulaVThe 
compounds of formula II, soformed, can then be converted into the desired compounds of formula usmgthe procedure 
SfuTtratec * Scheme 2 and described above. Referring to Scheme 4, a compound of the formula V » reacted wrth a 
couSq reaSnt an amine of the formula VIII, as described above, and a base in a reaction .nert solvent to form a 
SSSJoSSSS* VI. Examples of suitable coupling reagents that activate the carboxylic »«»^2Suh 
cvdo3lcarbodiimide N-3-dimethylaminopropyl-N'-ethylcarbodiimide, 2-ethoxy-1 -ethoxycarbonyl-1 ,2-d hydroqu.n- 

mMAR and triethylamine. Dimethylaminopyridine is preferred. A catalyst such as hydroxybenzotnazo e (HBT) > may 
STbe used The coupling is conducted in an inert solvent, preferably an aprotic solvent. Suable solvents include 
aSonitr^^^^^ dichloroethane, and dimethylformamide. The preferred so vent is d ^ lo ^ h o 7j h c e 

feCerSure of the aforesaid reaction is generally from about -30 to about 80»C, a^ 

T^e compound of formula VI can be converted into a compound of the formula VII by reac ,on wrth ^acetyl chtonde 
„ t JottT^vdride in the oresence of a base (e^o, a .trialkylamine such as triethylamine or tr.butylam.ne, d.methyl- 
Z^ZT^^ZL) in a rea^n inert solvent. Suitable solvents include 

Xdrofuran and chloroform, preferably methylene chloride. Prefetably, triethylam.ne .s used as the base. This react on 
TgenTa^ ^ax a temperature from about o-C to about 35'C for about 1 hour to about 10 hours, preferably at 



jZIZ^ouZI VII is cyclized to a compound of formula II by reaction with tripheny.phosph.ne a base^ 
and a S a^Scarboxylate in a reaction inert solvent. Examples of bases that can be used ,n this reaction are 
ovridtnf trie h^amine and 4-dimethylaminopyridine, with 4-dimethylamino P yridine being preferred. Appropriate sol- 
vents"nclud7d^ethylformamide. tetrahydrofuran and dioxane, with dioxane being preferred. Typ,calry. this reason 
is fat a temperature from about 25°C to about 1 25»C for about 1 hour to about 24 hours, preferably from 

i^iSaL a method of preparing compounds of the ^ 
5. a 2-aminocarboxylic acid of the formula V is reacted with an isothiocyanate of the formula XIV to form the th.one 
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product of formula XV. This reaction is gen rally carried out in a solvent such as acetic acid, dioxane, t trahydrofuran, 
chloroform, dichloroethane or benzene, preferably acetic acid, at a temp rature from about 20°C to about 150°C, 
preferably at about the reflux temperature of the solvent, for about 0.25 hours to 24 hours, generally for about 1 -6 hours. 
The resulting thiones of formula XV can then be converted into the chlorinated compounds of formula XVI by 

5 reaction with a chlorinating agent such as phosphorus trichloride, phosphorus pentachloride, phosphorus oxychloride, 
thionyl chloride, sulfuryl chloride or a mixture of one or more of these chlorinating agents, preferably a mixture of 
phosphorus oxychloride and phosphorus pentachloride. The reaction may be carried out without a solvent or in an 
inert solvent such as toluene, benzene, chloroform, dichloroethane or dimethoxyethane. Reaction without a solvent is 
preferred unless the reagents do not freely form a solution. This reaction is generally carried out at a temperture from 

io about 20°C to about 180°C, preferably from about 80°C to 150°C for about 0.5 to 24 hours, preferably for about t-6 
hours. 

Reaction of the chlorides of formula XVI with an amine of the formula 
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yields the corresponding compounds of formula I wherein YZ is NHCH2. This reaction is typically carried out in a solvent 
such as methanol, ethanol, propanol, isopropanol, tetrahydrofuran, dioxane or dichloroethane, with ethanol being pre- 
tofrrxi The reaction is allowed to proceed for about 1-24 hours, at a temperature from about 20°C to about 150°C. 
Pmiorably. the reaction is allowed to proceed for about 4-16 hours at a temperature of about 80°C to 120°C. 

Unless indicated otherwise, the pressure of each of the above reactions is not critical. Generally the reactions will 
be coocucled at a pressure of about one to about three atmospheres, preferably at ambient pressure (about on 
.ti-TK>sphcre). 

Trie compounds of the formula I which are basic in nature are capable of forming a wide variety of different salts 
wan v^rous inorganic and organic acids. Although such salts must be pharmaceutical acceptable for administration 
to animals it is often desirable in practice to initially isolate a compound of the formula I from the reaction mixture as 

prvir rrviceutically unacceptable salt and then simply convert the latter back to the free base compound by treatment 
wdh an alkaline reagent, and subsequently convert the free base to a pharmaceutical ly acceptable acid addition salt. 
The acid addition salts of the base compounds of this invention are readily prepared by treating the base compound 
vwdh sjbstantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent medium or in a 
M.it.oic organic solvent such as methanol or ethanol. Upon careful evaporation of the solvent, the desired solid salt 

objured 

The acids which are used to prepare the pharmaceutical^ acceptable acid addition salts of the base compounds 
o' ihi-> invention are those which form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable 
.intone such as hydrochloride, hydrobromide, hydroiodide, nitrate : sulfate or bisulfate, phosphate or acid phosphate, 
acetate lactate, citrate or acid citrate, tartrate or bitartrate, succinate, maleate, fumarate, gluconate, saccharate, ben- 
/orite mcthanesulfonate and pamoate [i.e., 1,1'-methylene-bis-(2-hydroxy-3-naphthoate)] salts. 

The compounds of the formula I and the pharmaceutical^ acceptable salts thereof (hereinafter, also referred to 
n-j ik' active compounds of the invention) are useful for the treatment of neurodegenerative, psychotropic and drug 
and alcohol induced central and peripheral nervous system disorders and are potent AMPA receptor antagonists. The 
active compounds of the invention may therefore be used in the treatment or prevention of stroke, cerebral ischemia, 
0pm.1l cord trauma, head trauma, Alzheimer's Disease, Huntington's Chorea, amyotrophic lateral sclerosis, epilepsy, 
AIDS induced dementia, muscular spasms, migraine headaches, urinary incontinence, psychosis, convulsions, peri- 
natal hypoxia, hypoxia (such as conditions caused by strangulation, surgery, smoke inhalation, asphyxiation, drowning, 
chok'ng electrocution or drug or alcohol overdose), cardiac arrest, hypoglye mic neuronal damag , opiate tolerance, 
addiction withdrawal (such as alcoholism and drug addiction including opiate, cocain and nicotine addiction), ocular 
damage, retinopathy, retinal neuropathy, tinnitus, idiopathic and drug induced Parkinson's Disease, anxiety, emesis, 
brain edema, chronic or acute pain, tardive dyskinesia and cerebral deficits subsequent to cardiac bypass surgery and 
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grafting. . 

The in vitroand in v/Voactivity of the compounds of the invention for AMPA receptor antagonism can be determined 
by methods available to one of ordinary skill in the art. One method for determining the activity of the compounds of 
the invention is by inhibition of pentylenetetrazol (PTZ)-induced seizures. Another method for determining the activity 
s of the compounds of the invention is by blockade of AMPA receptor activation-induced 45 Ca 2+ uptake. 

One specific method for determining inhibition of pentylenetetrazol (PTZ)-induced seizures is as follows. The ac- 
tivity of the compounds of the invention for inhibition of pentylenetetrazol (PTZ)-induced seizures in mice can be de- 
termined according to the following procedure. This assay examines the ability of compounds to block seizures and 
death produced by PTZ. Measures taken are latency to clonic and tonic seizures, and death. ID 50 S are determined 
10 based on percent protection. 

Male CD-1 mice from Charles River, weighing 1 4-1 6 g on arrival and 25-35 g at the time of testing, serve as subjects 
for these experiments. Mice are housed 13 per cage under standard laboratory conditions on a LD/7 a.m.: 7 p.m. 
lighting cycle for at least 7 days prior to experimentation. Food and water are available ad libitum until the time of testing. 

All compounds are administered in a volume of 10 ml/kg. Drug vehicles will depend on compound solubility, but 
is screening will typically be done using saline, distilled water, or E:D:S/5;5:90 (5% emulphor, 5% DMSO, and 90% saline) 
as the injection vehicle. 

Mice are administered the test compounds or vehicle (Lp., s.c. or p.o.) and are placed into plexiglass cages in 
groups of five. At a predetermined time after these injections, mice are given an injection of PTZ (i.p., 120 mg/kg) and 
placed into individual plexiglass cages. Measures taken during this five minute test period are: (1) latency to clonic 
20 seizures, (2) latency to tonic seizures, and (3) latency to death. Treatment groups are compared to the vehicle-treated 
group by Kruskal-Wallis Anova and Mann-Whitney U tests (Statview). Percent protection is calculated for each group 
(number of subjects not showing seizure or death as indicated by a score of 300 sees) at each measure. ID 50 's are 
determined by prohibit analysis (Biostat). 

Another method for determining the activity of the compounds is to determine the effect of the compounds on 
25 motor coordination in mice. This activity can be determined according to the following procedure. 

Male CD-1 mice from Charles River, weighing 1 4-1 6 g on arrival and 23-35 g at the time of testing, serve as subjects 
for these experiments. Mice are housed 13 per cage under standard laboratory conditions on a LD/7 a.m.: 7 p.m. 
lighting cycle for at least 7 days prior to experimentation. Food and water are available ad libitum until the time of testing. 
All compounds are administered in a volume of 10 ml/kg. Drug vehicles will depend on compound solubility, but 
30 screening will typically be done using saline, distilled water, or E:D:S/5:5:90 (5% emulphor, 5% DMSO, and 90% saline) 
as the injection vehicle. 

The apparatus used in these studies consists of a group of five 13.34 x 13.34 cm wire mesh squares suspended 
on 11.43 cm steel poles connected to a 165.1 cm pole which is elevated 38.1 cm above the lab bench. These wire 
mesh squares can be turned upside-down. 

35 Mice are administered test compounds or vehicle (i.p., s.c, or p.o) and are placed into plexiglass cages in groups 

of five At a predetermined time after these injections, mice are placed on top of the wire mesh squares and flipped so 
that they are suspended upside-down. During the one minute test, mice are rated 0 if they fall off the screen, 1 if they 
hang on upside-down, or 2 if they climb up onto the top. Treatment groups are compared to the vehicle-treated group 
with Kruskal-Wallis and Mann-Whitney U tests (Statview). 

40 One specific method for determining blockade of AMPA receptor activation-induced ^Ca^ uptake is described 

below. 

Neuronal primary cultures 

45 Primary cultures of rat cerebellar granule neurons are prepared as described by Parks, T.N., Artman, L.D., Alasti, 

N and Nemeth E F Modulation Of N-Methvl-P-Asoartate Rec eptor-Mediated Increases In Cytosolic Calcium In Cul- 
tured Rat Cerebellar Granule Cells, Brain Res. 552, 13-22 (1991). According to this method, cerebellar are removed 
from 8 day old CD rats, minced into 1 mm pieces and incubated for 15 minutes at 37°C in calcium-magnesium free 
Tyrode's solution containing 0. 1% trypsin. The tissue is then triturated using a fine bore Pasteur pipette. The cell sus- 
pension is plated onto poly-D-lysine coated 96-well tissue culture plates at 10 s cells per well. Medium consists of 
Minimal Essential Medium (MEM), with Earle's salts, 10% heat inactivated Fetal Bovine Serum, 2 mM L-glutamme, 21 
mM glucose, Penicillin-Streptomycin (100 units per ml) and 25 mM KCI. After 24 hours, the medium is replaced with 
fresh medium containing 10 P M cytosine arabinoside to inhibit cell division. Cultures should be used at 6-8 DIV 

ss AMPA receptor activation-induced 45 Ca 2 + uptake 

The effects of drugs on AMPA receptor activation-induced «Ca 2+ uptake can be examined in rat cerebellar granule 
cell cultures. Cultures in 96 well plates are preincubated for approximately 3 hours in serum free medium and then for 
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10 minutes in a Mg 2+ -free balanc d salt solution (in mM: 120 NaCI, 5 KCI, 0.33 NaH 2 P0 4 1 .8 CaCI 2 , 22.0 glucose and 
10.0 HEPES at pH 7.4) containing 0.5 mM DTT, 10 uM glycine and drugs at 2X final concentration. The reaction is 
started by rapid addition of an equal volume of the balanced salt solution containing 100 u,M of the AMPA receptor 
agonist kainic acid and 45 Ca 2+ (final specific activity 250 Ci/mmol). After 10 minutes at 25°C, the reaction is stopped 
s by aspirating the 45 Ca 2+ -containing solution and washing the cells 5X in an ice cold balanced salt solution containing 
no added calcium and 0.5 mM EDTA. Cells are then lysed by overnight incubation in 0. 1 % Triton-X1 00 and radioactivity 
in the lysate is then determined. All of the compounds of the invention, that were tested, had IC^s of less than 5 uM 
The compositions of the present invention may be formulated in a conventional manner using one or more phar- 
maceutical^ acceptable carriers. Thus, the active compounds of the invention may be formulated for oral, buccal, 
io transdermal (e.g. , patch), intranasal, parenteral (e.g. , intravenous, intramuscular or subcutaneous) or rectal adminis- 
tration or in a form suitable for administration by inhalation or insufflation. 

For oral administration, the pharmaceutical compositions may take the form of, for example, tablets or capsules 
prepared by conventional means with pharmaceutically acceptable excipients such as binding agents (e.g., pregelat- 
inised maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g. , lactose, microcrystalline eel- 
's lulose or calcium phosphate); lubricants (e.g., magnesium stearate, talc or silica); disintegrants (e.g. , potato starch or 
sodium starch glycollate); or wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well 
known in the art. Liquid preparations for oral administration may take the lorm of, for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution with water or other suitable vehicle before 
use. Such liquid preparations may be prepared by conventional means with pharmaceutically acceptable additives 
20 such as suspending agents (e.g. , sorbitol syrup, methyl cellulose or hydrogenated edible fats); emulsifying agents (e. 

lecithin or acacia); non-aqueous vehicles (e.g. , almond oil, oily esters or ethyl alcohol); and preservatives (e.g. , 
methyl or propyl p-hydroxybenzoates or sorbic acid). 

For buccal administration the composition may take the form of tablets or lozenges formulated in conventional 
manner. 

25 The active compounds of the invention may be formulated for parenteral administration by injection, including 

using conventional catheterization techniques or infusion. Formulations for injection may be presented in unit dosage 
form, e.g. , in ampules or in multi-dose containers, with an added preservative. The compositions may take such forms 
as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulating agents such as sus- 
pending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in powder form for reconsti- 

30 tution with a suitable vehicle, e.g. , sterile pyrogen-free water, before use. 

The active compounds of the invention may also be formulated in rectal compositions such as suppositories or 
retention enemas, e.g. , containing conventional suppository bases such as cocoa butter or other glycerides. 

For intranasal administration or administration by inhalation, the active compounds of the invention are conveniently 
delivered in the form of a solution or suspension from a pump spray container that is squeezed or pumped by the 

3S patient or as an aerosol spray presentation from a pressurized container or a nebulizer, with the use of a suitable 
propellant, e.g. , dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas. In the case of a pressurized aerosol, the dosage unit may be determined by providing a valve to deliver 
a metered amount. The pressurized container or nebulizer may contain a solution or suspension of the active com- 
pound. Capsules and cartridges (made, for example, from gelatin) for use in an inhaler or insufflator may be formulated 

40 containing a powder mix of a compound of the invention and a suitable powder base such as lactose or starch. 

A proposed dose of the active compounds of the invention for oral, parenteral or buccal administration to the 
average adult human for the treatment of the conditions referred to above (e.g. , stroke) is 0.01 to 50 mg/kg of the active 
ingredient per unit dose which could be administered, for example, 1 to 4 times per day. 

Aerosol formulations for treatment of the conditions referred to above (e.g. , stroke) in the average adult human 

45 are preferably arranged so that each metered dose or "puff" of aerosol contains 20|ig to 1000u.g of the compound of 
the invention. The overall daily dose with an aerosol will be within the range 100 ^g to 10 mg. Administration may be 
several times daily, for example 2, 3, 4 or 8 times, giving for example, 1 , 2 or 3 doses each time. 

The following Examples illustrate the preparation of the compounds of the present invention. Commercial reagents 
were utilized without further purification. Melting points are uncorrected. All NMR data were recorded at 250, 300 or 

50 400 MHz in deuterochloroform unless otherwise specified and are reported in parts per million (5) and are referenced 
to the deuterium lock signal from the sample solvent. All non-aqueous reactions were carried out in dry glassware with 
dry solvents under an inert atmosphere for convenience and to maximize yields. All reactions were stirred with a mag- 
netic stirring bar unless otherwise stated. Unless otherwise stated, all mass spectra were obtained using chemical 
impact conditions. Ambient or room temperature refers to 20-25°C. Melting points are uncorrected. 

55 
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EXAMPLE 1 

2-H3W2-Chlor"-"vridin-3-vl^fi-fhioro-4-oxo-3^ 

A mixture of 3-(2-chloro-pyridin-3-yl)-6-fluoro-3.4-dihydro-quinazol^^ 
0 51 mmol), toluene (25 mL). anthranilonitrile (0. 1 35 g, 1 . 1 2 mmol). and glacial acet.c ac.d (0.064 mL 1 .12 mmol) was 
refluxed 6 hours with azeotropic removal of water. The mixture was cooled to ambient temperature and anthran.lon.tnle 
O li o 112 mmol) and glacial acetic acid (1 mL) were added. The reaction was refluxed 24 hours. Catalyt.c p- 

,o ambient temperature, diluted with ethyl acetate and extracted with saturated aqueous b.camonate. water anc I br.ne. 
The organic layer was dried over sodium sulfate and concentrated to aflord 0.378 g of the crude .m.ne as a dark o.l. 
The .mine had R, 0.15 on silica gel tic developed with 30% ethyl acetate / hexane, UV detection. 

The crude imine (0.378 g) was dissolved in ethanol (1 0 mL) and 1 0% palladium on carbon (0. 1 4 g) and formic acid 
,0 5 ml) were added. The JLe was stirred at ambient temperature overnight. The mixture was filtered through cehte 
and the filtrate was concentrated. The residue was taken up in 1 mL of 50% ethyl acetate / hexane and appl.ed tc .a 
s."ch qo. column (1 x 4 inches, packed with 25% ethyl acetate / hexane) for flash chromatography purrf.cat.on. Elufon 
o deeded ^asTollows 25o/ 0 ethyl acetate /hexane (50 mL). unweighed recovered anthranilonitrile (50 mL). trace ,mpu- 
^ "s ,250 ?mL) and yielded am g (54%) of 2-«3-(2-chloro Py ridin-3-yl)-6-f^ 

m yI ,-L.no)-benzonitri.e as an oil which solidified on standing and had: mp 183-187 "JijH NMR 5 MBWJ-U 
u s H/ 1 HI 7 95-7 86 (m 2 H) 7.79 (dd, J = 1.8. 7.8 Hz, 1 H). 7.60-7.53 (m, 2 H), 7.43 (dd. J = 1.5, 7.7 Hz. 1 H) 
7 33 U J = 8 Hz 1 H) 6^3 0 J = 7 Hz. 1 H). 6.42 (d, J = 8.4 Hz. 1 H), 6.02 (br s, 1 H). 3.95 (ABq, A Vl . 3 = 4.5 Hz. J 
2 »./ 2 H); APCI MS m/z = 406 (P +1 ). 

T XAMPLE 2 

nil3(2-Chloro-ph e nvlV6-flunro-4-oxo-3.4-dihvdro-auinazo lin-2-vlmethvn-amino)-benzonitrile 

A mature of 3-(2-chloro- P henyl)-6-fluoro-3,4-dih y dro-quinazolin-4-on e -2- C arboxaldehyde (O ^Jf ^; 
n. acetic acid (10 mL). 3-aminobenzonitrile (0.050 g, 0.42 mmol), and anhydrous sod.um sulfate (0.71 g. 5 mmol) 
^d a'mbient temperature overnight. Tic indicated that the imine had formed I (R, = 0.43 on s.l.ca gel tic de^ 
vc,opodw.,h30%ethy. acetate^ 

Jie reaction was allowed to stir over the weekend (72 hours). The mixture was poured .nto ^saturjed ^aqueous 
t,. a.tx^te and repeatedly extracted with ethyl acetate. The combined organic layer wasdned over magnes.urn sulfate 
, * c^entrated to afford a yellow solid. This solid was triturated with 50% ethy. ether/isopropyl ether o g.ve 0 1 33 

i-c scW which had: mp 225-228'C; 1 H NMR 5 7.93 (dd, J = 3, 8 Hz, 1 H), 7.87 (dd J = 4.6 8^5 Hz 1 H). 7.70 (dd 
- 1 5 7 5 Hz 1 H) 7 62-7.52 (m, 4 H). 7.40 (dd. J = 1 .5, 7.5 Hz. 1 H), 7.20 (t, J = 8 Hz. 1 H). 6.97 d. J - 7 5 Hz 1 
h. 6 lo <dd I j' = 2. 8 Hz. 1 H). 6.66 (s, 1 H), 3.88 (ABq, Av^ = 39.5 Hz, J = 17 Hz, 2 H). Ana.ysrs ca.cu.ated for 
f. ..h i4 CIFN 4 O0.5 H 2 0: C. 63.85; H. 3.65; N, 13.54. Found: C, 63.90; H. 3.31; N. 13.46. 



f kAMP.E 3 



r. ■ r -h to fO-Dhenvn-2-f f3-diethvi a minomethvl-ph Anvi a minoVmethvn-6-fluoro-3H-guinazolin-4^ne 

a m-xture of 3-(N,N-diethylamino-methyl)-aniline (0.080 g, 0.45 mmol) and 3-(2-chloro-pheny2t- ,IUOr °1" 4 r ^ 
co cu.n^o.in-4 Je-2-carboLdehyde (0.150 g, 0.50 mmol in methano. (15 mL) was ^refluxed l 48 £ws to fo^he 
„r„oc. .ntcrmediate. The reaction was cooled to ambient temperature and sod.um borohydr.de (0.038 g, 1 mmol) was 
lli and the mixture was refluxed for 24 hours. Additional sodium borohydride (0.038 g, 1 mmol) was added and 
was continued 2 hours. Sodium borohydride (0.038 g, 1 mmol) was added and the , mocture ™* * 
an addlna. 18 hours. The reaction was allowed to stir overnight at ambient temperature. Water was added and the 
Z iTc 21 s Zed for 30 minutes. The reaction mixture was repeatedly extracted with ethy. acetate. The comb.ned 
o It ,,n,c phase was washed with saturated aqueous bicarbonate and brine. The organic phase was dned oven magne- 
„um ouHatc and concentrated to a dark yellow oil. The oil was flash chromatography on sihca gel (30 g) wtf . elut.on 
o.rcood.na as follows- 20% thyl acetate / hexan (1 50 mL), nil; (50 mL), 0.01 5 g unknown product; (75 mL , n.l (1 25 
ot 1 q " (2 chtor Leny.)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-methanol; (350 mL), nil; 30% ethyl achate / 
ZL«c ° |3 S> IS iS 3 acetate / hexan (450 mL). nil; (350 mL) and chloroform (50 mL). 0.016 g (0.8% of 

o.. wh,ch had: 1 H NMR 8 7 92 (dd. J = 3,8 Hz, 1 H), 7.82 (dd, J = 5,9 Hz, 1 H). 7.66-7.65 (m. 1 H). 7.57-7.46 (m. 4 H). 
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7. 1 4 (t, J = 8 Hz, 1 H), 7.08 (s, 1 H), 6.70 (d. J = 7 Hz, 1 H), 6.59 (d, J = 8 Hz, 1 H), 5.28 (s, 1 H). 4.06-3.81 (m, 4 H), 
3.46 (q, J = 7 Hz, 4 H), 1.19 (t, J = 7 Hz, 6 H); APCI MS m/z = 465.1 (P +1 ). 

EXAMPLE 4 

5 

3-(2-Chloro-phenvn^4luoro-2-(pyrimidin-2-vlaminomethvl)-3H'Quinazolin-4<>ne 

A mixture of 3-(2-chlorCKphenyl)-6-fluoro-3,4-dihydrcKquinazoiin-4<)ne-2<arbo^ (0.200 g, 0.66 mmol), 

methanol (20 mL), and 2-aminopyrimidine (0.059 g, 0.62 mmol) was refluxed 29 hours. The mixture was cooled to 

10 room temperature and 10% palladium on carbon (0.236 g) and formic acid (1.1 mL) were added. The mixture was 
allowed to stir at ambient temperature overnight. The reaction was treated with 6 N sodium hydroxide to adjust the pH 
to 10. The mixture was filtered through celite and the pad was washed with ethyl acetate. The filtrate was dried over 
magnesium sulfate and concentrated. The residue was flash chromatographed on silica gel (20 g) with elution pro- 
ceeding as follows: 10% ethyl acetate /hexane (500 mL), nil; 20% ethyl acetate /hexane (250 mL), unweighed impurity, 

15 20% ethyl acetate / hexane (100 mL), mixed fraction, unweighed; 20% ethyl acetate / hexane (150 mL) and 30% ethyl 
acetate / hexane (150 mL), unweighed 3-(2-chloro-phenyl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-methanol (a side 
product). Elution was continued; 30% ethyl acetate / hexane 410 mL), nil; 40% ethyl acetate / hexane (450 mL), nil; 
40% ethyl acetate / hexane (50 mL) and 50% ethyl acetate / hexane (450 mL), 0.028 g (8%) of 3-(2-Chloro-phenyl)- 
6-fluoro-2-(pyrimidin-2-ylaminomethyl)-3H-quinazolin-4-oneasa white solid which had: rnp 182-185°C; 1 H NMR 58.29 

20 (d, J = 5 Hz, 2 H), 7.92 (dd, J = 3,8 Hz, 1 H), 7.82 (dd, J = 5,9 Hz, 1 H), 7.66-7.64 (m, 1 H), 7.55-7.49 (m, 3 H), 7.40-7.38 
(m, 1 H), 6.63 (t, J = 5 Hz, 1 H), 4.28 (dd, J = 4.5, 18 Hz, 1 H), 4.11 (dd, J = 4, 18 Hz, 1 H). Analysis calculated for 
C^H^CIFNsO.0.75 H 2 0: C, 58.05; H, 3.20; N, 17.81. Found: C, 58.06; H, 3.25; N, 17.33. APCI MS m/z = 382 (P +1 ). 

EXAMPLE 5 

25 / 

V 3-(2-Chloro-pvridin-3-vl)-6-fluoro-2-(m-tolylamino-methvn-3H-quinazolin-4-one 

A mixture of 3-(2-chloro-pyridin-3-yl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.150 g, 0.49 
mmol) and 3-diethylaminomethylaniline (0.073 g, 0.41 mmol) in methanol (10 mL) were stirred at ambient temperature 

30 for 72 hours and then concentrated to afford 0.252 g of yellow solid imine which had: APCI MS m/z = 464 (P +1 ). The 
crude imine was dissolved in ethanol (10 mL) and 10% palladium on carbon (0.252 g) and formic acid (0.90 mL, 24.3 
mmol) were added. The mixture was stirred at ambient temperature for 6 hours. Solid potassium carbonate (0.5 g) 
was added and the mixture was stirred 1 hour longer. The reaction was filtered through celite and the pad was washed 
with ethyl acetate. The filtrate was concentrated. The residue was taken up in ethyl acetate and washed with saturated 

35 bicarbonate and brine, dried over magnesium sulfate : and concentrated to a yellow oil. The oil was flash chromato- 
graphed on silica gel (15 g) with elution proceeding as follows: 10% ethyl acetate / hexane (300 mL), nil; 20% ethyl 
acetate /hexane (400 mL), nil; 20% ethyl acetate /hexane (150mL), 0.033 g (20%) of 3-(2-chloro-pyridin-3-yl)-6-fluoro- 
2-(m-tolylamino-methyl)-3H-quinazolin-4-one as a white solid which had: mp 177-180°C; 1 H NMR 5 8.63 (dd, J = 2, 5 
Hz, 1 H), 7.92 (dd, J = 3, 8 Hz, 1 H), 7.83 (dd, J = 5, 9 Hz, 1 H), 7.76 (dd, J = 2, 8 Hz, 1 H), 7.58-7.50 (m, 2 H), 7.05 

40 (t, J = 8 Hz, 1 H), 6.61 (d, J = 7 Hz, 1 H), 6.43-6.39 (m, 2 H), 3.90 (ABq, Av^ = 23 Hz, J = 7 Hz, 2 H), 2.25 (s, 3 H). 
Analysis calculated for C 21 H 16 CIFN 4 O0.25 H 2 0: C, 63.16; H, 4.16; N, 14.03. Found: C, 63.06; H, 4.28; N, 13.72. 

EXAMPLE 6 

45 3-(2-Chloro-pvridin-3-vn-6-fluoro-2-f(6-methvl-pyridin-2-vlamino)-methvn-3H-quinazolin-4-one 

To a mixture of 3-(2-chloro-pyridin-3-yl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.20 g, 0.66 
mmol) and 2-amino-6-methylpyridine (0.0476 g, 0.44 mmol) in methanol (10 mL) was added acetic anhydride (0.042 
mL, 0.44 mmol). The mixture was gently refluxed overnight, cooled to ambient temperature and diluted with saturated 

50 aqueous bicarbonate. This aqueous mixture was repeatedly extracted with ethyl acetate. The combined organic phase 
was washed with saturated aqueous bicarbonate and brine, dried over magnesium sulfate and concentrated to afford 
0.303 g of crude imine as a yellow oil. The imine was dissolved in ethanol (10 mL) and 10% palladium on carbon (0.17 
g) and formic acid (0.75 mL) were added. The mixture was stirred overnight at ambient temperature. Sodium bicarbo- 
nate (0.5 g) was added. The mixture was stirred for 1 additional hour, and then filtered through celite and the pad was 

55 washed with thanol and ethyl acetate. Th filtrate was concentrated to a colorless solid. This solid was triturat d with 
ethyl acetate causing the product to dissolve into the solvent. The solution was concentrated and flash chromato- 
graphed on silica g I (20 g). Elution proceeded as follows: 50% ethyl acetate / hexane (350 mL), nil; 50% ethyl acetate 
/ hexane (550 mL), mixtur of desired product and 3-(2-chloro-pyrid-3-yl)-6-fluoro-3,4-dihydro-quinazolin-4-one- 
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2- methano! as a while solid. This mixture was triturated with 50% isopropyl ether / hexane to afford 0.025 9 (14%) of 

3- (2-chloro-pyridin-3-yl)-6-fluoro-2-[(6-methyl-pyridin-2-ylamino)-methyl]-3H<iuinazolin-4-one as a white solid which 
had- mp 190-1 95"C; 1 H NMR 8 8.56 (dd, J = 1 , 5 Hz. 1 H). 7.91 (dd. J = 3.8 Hz. 1 H). 7.80-7.76 (m. 2 H). 7.53 (dt. J = 
3 8 Hz 1 H) 7 46 (dd, J = 5. 8 Hz. 1 H), 7.29 (t. J = 8 Hz, 1 H). 6.44 (d, J = 7 Hz. 1 H), 6.24 (d. J = 8 Hz, 1 H). 5.64 
(s. 1 H), 4.27 (dd, J = 6, 17 Hz, 1 H). 4.10 (dd, J = 5, 17 Hz. 1 H). 2.03 (s. 3 H). Analysis calculated for 
C M H 15 CIFN 5 OH 2 6: C, 58.05; H, 4.14; N, 16.92. Found: C, 58.45; H. 3.71; N, 16.53. 

EXAMPLE 7 

3- (2-Chloro-phenvl)-6-fluoro-2-(pvridin-2-vlaminomethvn-3H-auinazolin- 4-one Hydrochloride 

A mixture of 3-(2-chloro-phenyl)-6-fluoro-3.4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.20 g, 0.66 mmol), 
2-aminopyridine (0.069 g, 0.73 mmol) and acetic acid (0.075 mL, 1.32 mmol) in toluene (25 mL) was for refluxed 5 
hours with azeotropic removal of water. The reaction was cooled to ambient temperature and extracted with saturated 
aqueous bicarbonate. The phases were separated and the organic phase was dried over sodium sulfate and concen- 
trated to afford the crude imine as a brown foam which had: mp 1 5B-1 62°C. A portion of this imine (0. 1 0 g. 0.264 mmol) 
was dissolved in ethanol (10 mL) and 10% palladium on carbon (0.10 g) and formic acid (0.45 mL, 11.9 mmol) were 
added The mixture was stirred at ambient temperature for 4 hours, and then filtered through cehte and the pad was 
rinsed with ethyl acetate and water. The layers were separated from the two phase filtrate and the organic layer was 
washed with saturated aqueous bicarbonate, dried over magnesium sulfate and concentrated to afford 0.065 g (65%) 
the free base product as a brown oil which had: 1 H NMR 8 8.02 (d, J = 4 Hz, 1 H), 7.94 (dd. J = 5, 9 Hz, 1 H), 7.66-7.61 
(m 1 H) 7 57-7 36 (m, 6 H). 6.58 (t. J = 5 Hz, 1 H), 6.50 (d. J = 8 Hz, 1 H), 5.83 (brs, 1 H). 4.25 (dd, J = 5, 18 Hz, 1 
H)'403'(dd J = 4 18Hz,1 H); APCI MSm/z = 381.1 (P +1 ). The free base was dissolved in ether (15 mL) and chilled 
to'o°C Ethereal hydrochloric acid (0.20 mL, 0.2 mmol, approximately 1 N) was added to the solution. The precipitate 
was collected and dried to afford 0.025 g of 3-(2-chloro-phenyl)-6-fluoro-2-(pyridin-2-ylaminomethyl)-3H-qu.nazolin- 

4- one hydrochloride as an amorphous solid which had: mp 90-1 00°C. 

EXAMPLE 8 

I 3.(2-Chloro-pvridin-3-vn-6-fluoro-2-r(3-PVrrolidin-1-vlme thvl-phenvlamino^-methvn-3H-quinazolin-4-one 

A mixture of 3-(2-chloro-pyridin-3-yl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.150 g. 0.49 
mmol) 3-pyrrolidin-1-ylmethylaniline (0.044 g, 0.25 mmol), and acetic acid (0.14 mL. 2.45 mmol) in dichloroethane (10 
mL) was chilled to 0°C and sodium triacetoxyborohydride (0.312 g, 1.47 mmol) was added. The reaction was stirred 
for 1 hour at 0°C and then allowed to warm to ambient temperature. The reaction was quenched by addition of saturated 
aqueous bicarbonate and continued stirring for 30 minutes. The phases were separated and the aqueous layer was 
extracted with methylene chloride. The combined organic phase was washed with brine, dried over magnesium sulfate 
and concentrated. The residue was flash chromatographed on silica gel (45 g) with elution proceeding as follows: 10 /o 
methanol / 0.5% ammonium hydroxide / chloroform (200 mL), nil; (50 mL). unweighed impurity; (25 mL). nil; (75 mL), 
unweighed mixed fraction; (200 mL), 0.010 g (8%) of 3-(2-chloro-pyridin-3-yl)^6-fluoro-2-[(3-pyrrolidin-1-ylmethyhphe- 
nvlamino)-methyl]-3H-quinazolin-4-one as a pale yellow solid which had: iH NMR 8 8.60 (d, J = 5 Hz, 1 H), 7.80 (t J 
- 5 Hz 1 H) 7 76 (d. J = 9 Hz. 1 H), 7.71 (dd, J = 3, 9 Hz, 1 H), 7.58-7.50 (m. 2 H), 7.35 (dd. J = 5, 8 Hz. 1 H). 7.14-7.08 
(m, 2 H), 6.80 (dd, J = 4, 9 Hz, 1 H). 4,44 (s, 1 H), 3.90-3.65 (m. 4 H). 2.79 (br s, 4 H). 1.90 (br s, 4 H); APCI MS rrVz 
= 464 (P +1 ). 

Example 9 

6-Fluoro-3-f2-methvl- P vridin-3-vn-2-r(3-Pvrrolidin -1-vlmethvl-phenvlamino)-methyll-3H-quinazolin-4-one 

A mixture of 3-(2-methyl-pyridin-3-yl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.158 g, 0.56 
mmol) 3-pyrrolidin-1-ylmethylaniline (0.050 g, 0.28 mmol). and acetic acid (0.16 mL, 2.8 mmol) in dichloroethane (15 
mL) was chilled to 0 6 C and sodium triacetoxyborohydride (0.297 g, 1 .4 mmol) was added. The reaction was stirred for 
1 hour at 0°C and then allowed to warm to ambient temperature and stirred for 1 6 hours. The reaction was quenched 
by addition of saturated aqueous bicarbonate and continued stirring for 30 minutes. The phases were separated and 
the aqueous layer was extracted with methylene chloride. The combined organic phase was washed with brine, dr.ed 
over magnesium sulfate and concentrated. The residu was flash chromatographed on silica gel (35 g) with elution 
proce ding as follows- 10% methanol / 0.5% ammonium hydroxide / chloroform (50 mL), nil; (75 mL), unweighed 
impurity (50 mL), unweighed 3-(2-methyl-pyridin-3-yl)-6-fluoro-3.4-dihydro-quinazolin-4-one-2-methanol; (50 mL), un- 
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weighed mixed fraction; (100 mL), 0.031 g (25%) of 3-(2-methyl-pyridin-3-yl)-6-fluoro-2-[(3-pyrrolidin-1-ylm thyl-phe- 
nyIamino)-methyl]-3H-quina2olin-4-one as a yellow foam which had: *H NMR 5 8.72 (d, J = 5 Hz, 1 H), 7.92 (dd. J = 
3, 8 Hz, 1 H), 7.82 (dd ( J = 5, 9 Hz, 1 H), 7.58-7.52 (m, 2 H). 7.39 (dd, J = 5, 8 Hz, 1 H), 7.08 (t, J = 8 Hz, 1 H), 6.67-6.64 
(m, 2 H), 6.37 (d, J = 8 Hz, 1 H), 5.10 (s, 1 H). 3.90 (dd, J = 4.5, 17 Hz, 1 H), 3.70 (dd, J = 5, 17 Hz. 1 H), 3.56 (ABq, 
Av^g = 21 Hz, J = 12.5 Hz, 2 H), 2.54 (s, 4 H), 2.36 (s, 3 H), 1.78 (s, 4 H); APCI MS m/z = 444 (P+1). 



3-(2-Chloro-phenvl)-€-fluoro-2-f(2-fluoro-benzvlamino)-methyl1-3H<|uinazolin-4-one 

A mixture of 3-(2^hloro-phenyl)^-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.20 g, 0.66 mmol), 

2- fluorobenzylamine (0.038 mL, 0.33 mmol), and acetic acid (0.1 9 mL, 3.3 mmol) in dichloroethane (10 mL) was chilled 
to 0°C and sodium triacetoxyborohydride (0.350 g, 1 .65 mmol) was added. The reaction was stirred for 1 hour at 0°C 
and then allowed to warm to ambient temperature and stirred 16 hours. The reaction was quenched by addition of 
saturated aqueous bicarbonate and continued stirring for 30 minutes. The phases were separated and the aqueous 
layer was extracted with methylene chloride. The combined organic phase was washed with brine, dried over magne- 
sium sulfate and concentrated. The residue was flash chromatographed on silica gel (30 g) with elution proceeding as 
follows: 30% ethyl acetate / hexane (100 mL), nil; (50 mL), unweighed impurity; (100 mL), nil; (125 mL), unweighed 
impurity; (150 mL), unweighed 3-(2-chlorophenyl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-methanol; (450mL), un- 
weighed 3-(2-chloro-phenyl)-6-fluoro-2-[(2-fluoro-benzylamino)-methyl]-3H-quinazolin-4-one as a pale pink solid 
which had: mp 140°C; 'H NMR 5 7.89 (dd, J = 3, 8 Hz, 1 H), 7.76 (dd, J = 4, 9 Hz, 1 H), 7.58 (dd, J = 2, 8 Hz, H), 
7.53-7.41 (m, 4 H), 7.35-7.30 (m, 2 H), 7.07 (t, J = 8 Hz, 1 H), 6.99 (t, J = 10 Hz, 1 H), 3.89 (ABq, Av v3 = 21 Hz, J = 
13 Hz, 2 H), 3.46 (ABq, Av 1 . 3 = 31 Hz, J = 17 Hz, 2 H); APCI MS m/z = 412 (P+ 1 ). 

EXAMPLE 11 

N-(3-(f3-(2-Chloro-phenvl)-6-fluoro-4-oxo-3,4-dihydro-quinazolin-2-vlmethvn-amino)-phenvl)-acetamide 

A mixture of 3-(2-chloro-phenyl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.20 g, 0.66 mmol), 

3- aminoacetanilide hydrochloride (0.062 g, 0.33 mmol), triethylamine (0.092 mL, 0.66 mmol), and acetic acid (0.19 
mL, 3.3 mmol) in dichloroethane (10 mL) was chilled to 0°C and sodium triacetoxyborohydride (0.350 g, 1.65 mmol) 
was added. The reaction was stirred for 1 hour at 0°C and then allowed to warm to ambient temperature and stirred 
16 hours. The reaction was quenched by addition of saturated aqueous bicarbonate and continued stirring for 30 
minutes. The phases were separated and the aqueous layer was extracted with methylene chloride. The combined 
organic phase was washed with brine, dried over magnesium sulfate and concentrated. The residue triturated with 
50% isopropyl ether / hexane to afford 0.035 g (24%) of N-(3-([3-(2-Chlorophenyl)-6-fluoro-4-oxo-3,4-dihydro-quina- 
zolin-2-ylmethyl]-amino)-phenyl)-acetamide as a yellow solid which had: n H NMR 5 7.92 (dd, J = 3, 8 Hz, 1 H), 7.86 
(dd, J = 5, 9 Hz, 1 H), 7.67-7.64 (m, 1 H), 7.56-7.48 (m, 4 H), 7.40 (dd, J = 2, 7 Hz, 1 H), 7.32 (d, J = 7 Hz, 1 H), 7.13 
(s, H), 7.06 (t, J = 8 Hz, 1 H), 6.65 (d, J = 8 Hz, 1 H), 6.28 (d, J = 8 Hz, 1 H), 3.89 (ABq, Av v3 = 49 Hz, J = 17 Hz, 2 
H), 2.12 (s, 3 H); APCI MS m/z = 437 (P +1 ). 

EXAMPLE 12 

i 

3'(2-Chloro-phenvl)-6-fluoro-2-r(3"Pvrrolidin-1-vlmethvl-phenylamino)-methyn-3H-quinazolin-4-one 

A mixture of 3-(2-chloro-phenyl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.50 g, 1.65 mmol), 
3-pyrrolidin-l-ylmethylaniline (0.291 g, 1 .65 mmol) and anhydrous sodium sulfate (2.3 g, 16.5 mmol) in dichloroethane 
(20 mL) was refluxed for 24 hours. The mixture was diluted with water and stirred for 20 min. The phases were separated 
and the organic phase was washed with saturated aqueous bicarbonate and brine, dried over magnesium sulfate and 
concentrated to afford 0.61 g of crude imine. The imine was dissolved in ethanol (20 mL) and 1 0% palladium on carbon 
(0.61 g) and formic acid (2.6 mL, 69.7 mmol) were added. The reaction was stirred at ambient temperature for 3 hours 
and then saturated aqueous sodium bicarbonate was added. The mixture was filtered through celite and the filtrate 
was concentrated to remove most of the ethanol. The milky aqueous residue was extracted with ethyl acetate. The 
organic phase was washed with water and brine, dried over magnesium sulfate, and concentrated. The residue was 
flash chromatograph d on silica g I (45 g) with elution proceeding as follows: 10% methanol / 0.5% ammonium hy- 
droxide/chloroform (200 mL), nil; (200 mL), 0.322 g (53%) of 3-(2-chloro-phenyl)-6-fluoro-2-[(3-pyrrolidin-1-ylmethyl- 
phenylamino)-methyl]-3H-quinazolin-4-one as an off-white foam which had: mp 1 05-11 0°C; 1 H NMR 5 7.92 (dd, J = 3, 
8 Hz. 1 H), 7.80 (dd, J = 5, 9 Hz, 1 H), 7.67-7.65 (m. 1 H), 7.59-7.50 (m, 3 H), 7.40-7.38 (m, 1 H), 7.08 (t, J = 8 Hz, 1 
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H) 6 69-6 65 (m 2 H) 6 40 (d, J - 8 Hz, 1 H). 5.13 (s. 1 H), 3.94 (dd. J = 5, 17 Hz, 1 H), 3.81 (dd. J = 4.5, 17 Hz. 1 
Hi! 3.S (br s, 2 H). 2 58 (br s, 4 H), 1 80 (br s. 4 H). Analysis calculated for C 26 H 24 CIFN 4 O.H 2 0: C. 64.93; H. 5.45; 
N, 11.65. Found: C. 65.09; H. 5.04; N, 11.48. 

EXAMPLE 13 

9- {f3.f2-Chloro-Dhenvl)-6-fluoro-4-oxo-3.4-dihvdro^uinazolin-2- ylrnelhvn-amino)-nicotinonitrile 

A mixture of 3-(2-chloro-phenyl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.439 g, 1.45 mmol) 
2-aminonicotinonitrile (0.150 g, 1.26 mmol) and anhydrous sodium sulfate (2.1 g, 14.5 mmol) in acetic acid 10 mL) 
wi stTred at ambient temperature for 24 hours. The mixture was now warmed to 80'C for 24 noun. The reaction was 
cooled to ambient temperature and sodium triacetoxyborohydride (1.3 g, 6.13 mmol) was added portionw.se. The 
reaction was stirred for 16 hours and then quenched by carefully pouring it into a mixture of saturated aqueous sod.um 
bicarbonate (150 mL) and ethyl acetate (20 mL). This quenching solution was stirred 30 min. The phases were sepa- 
rated and the organic layer was washed with brine, dried over magnesium sulfate and concen rated^The residue was 
flash chromatographed on silica gel (50 g) with elution proceeding as follows: 20% ethyl acetete / hexane , 350 mL). 
nil; 30% ethyl acetate / hexane (350 mL). unweighed 3-(2-ch.oro-phenyl)-6-fluoro-3,^ 
2-methanol; 40% ethyl acetate / hexane (400 mL), impure product. This partially purif.ed product was lash chromato- 
graphed on silica gel (20 g) with elution proceeding as follows: 5% ethyl acetate / hexane 1000 mL), nil, 10 A e hy 
acemte / hexane (1000 mL). nil; 15% ethy. acetate / hexane (750 mL). nil; (500 ^L) unwe.ghed jmpunty; 20% ethy 
acetate / hexane (1000 mL), nil; (1000 mL). unweighed impurity; 30% ethyl acetate / hexane (600 mL), 0.050 g (1 > «) 
of 2-{[3-(2-chloro- P henyl)-6-flu 0 ro-4-oxo-3.4-dih y dro-quinazolin-2^lm e thyl]-amino}-n l cot, n on.tr, le as a light tan solid 
which had: mp 145-150-C; 1 H NMFt 5 8.16 (d, J = 5 Hz, 1 H), 7.93 (dd, J = 3,8 Hz 1 H) 7.84 (dd J = : 6. Hz, 1 £ 
7 71-7 63 (m, 2 H), 7.56-7.51 (m, 3 H), 7.40 (d, J = 7 Hz, 1 H), 6.85 (s. 1 H). 6.62 (dd, J = 5, 7 Hz, 1 H), 4.23 (ABq. 
25 Av^ = 74 Hz, J = 19 Hz, 2 H); APCI MS m/z = 406.2 (P +1 ). 

EXAMPLE 14 

a-(P-Chloro-pvridin-3-vh-6-fluoro-2-rf2-fluoro-ph e nvlamino^-methvll-3H-auinazolin-4-one 

A mixture of 3-(2-chloro-pyridin-3-yl)-6-fluoro-3,4-dihydro-quinazolin-4-one-2^art ) oxaldehyde (0.20 g. 0.66 
mmol). T-fluoroani.ine (0.053 mL, 0.55 mmol) and anhydrous sodium sulfate (0.9 g, 6.6 mmol) ,n d, chloroethane (10 
mL) was refluxed for 1 8 hours. The reaction was concentrated and the residue was pardoned between ethyl acetate 
and water. The phases were separated and the organic phase was washed with saturated aqueous b.carbonate and 
brine dried over magnesium sutfate and concentrated to afford 0.186 g of crude .mine as a yellowfoam. The ,m.ne 
was dis olved in etha'no. (10 mL) and 10% pa.ladium on carbon (0.186 g.) and formic acid (0.90 mL. 2*5 mmol we e 
added. The reaction was stirred at ambient temperature for 1 .5 hours. The acid was quenched by ^addmon £ so Id 
potassium carbonate and stirring 30 minutes. The mixture was tittered through cel.te and the > pa was wa shedwtt 
ethanol and ethyl acetate. The filtrate was concentrated and the res.due was taken up .n ethylacetate. Th.s organic 
phase was washed with water and brine, dried over magnesium su.fate, and concentrated. The res.due was ftesh 
chromatoqraphed on silica gel (13 g) with elution proceeding asfollows: 10% ethyl acetate /hexane (350 mL), n.l. 20 /o 
35SS!S?«ane (50 mL), O012 g, recovered imine; (1 50 mL), nil; (250 mL), 0.048 g (24%) of 3J2-ch,oro-pynd,n- 
3-yi)-6-fluoro-2-[(2-fluoro-phenylamino)-methyl]-3H-quinazolin-4-one as a whrte sol>d which had. mr. . 180-182 C H 
NMR S 8.62 (d, L 5 Hz. " H). 7.95-7.91 (m. 2 H). 7.80 (d. J = 8 Hz. 1 H). 7.57 (dt, J = 3 8 Hz. 1 H) 7.50 (dd, J = 5 8 
HZ, 1 H), 7.01-6.91 (m.2H),6.71 (dd, J = 7.12 Hz. 1 H), 6.53 (t, J = 9 Hz. 1 H), 4.05 (ABq, Av n . 3 =19 Hz, J = 17 Hz, 
2 H); APCI MS m/z = 399 (P+1 ). 
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EXAMPLE 15 

so 3-(2-Chloro-ohenvh-6-fluoro-2-rr2-fluoro- p henvlamino^-methvn-3H-quinazolin-4-one 

A mixture of 3-(2-chloro- P henyl)-6-fluoro-3.4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.10 g, 0^33 mmol). 
2-fluoroaniline (0.064 mL, 0.66 mmol) and acetic acid (0.038 mL, 0.66 mmol) in methanol (10 mL) was stirred 1 .5 hours 
at amb^n emperature. Sodium cyanoborohydride (0.083 g, 1 .32 mmo.) was added and the reaction was stirred over- 
night The reaction was diluted with water and concentrated to remove most of the methanol^ milky whit hquid 
"elidue was treated with saturated aqueous bicarbonate and extracted with ethyl acetate^The organic layer was 
wished with aqueous bicarbonate and brine, dried over magnesium sulfate and concentrated. The res.due was flash 
Xomatographed on silica gel (20 g) eluting the product with 5% and then 10% ethy. acetate / hexane. In this fash!on 
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0. 1 0 g (76%) of 3-(2^hloro-phenyl)^-fluoro-2-[(2-fluoro-phenylamino)-methyl]-3H^uinazo!in-4-on was isolat d as a 
yellow foam which had: ^ NMR 5 7.95 (dd, J = 3, 8.5 Hz, 1 H), 7.85 (dd, J = 5, 9 Hz, 1 H), 7.69 (dd, J = 2, 7.5 Hz, 1 
H), 7.63-7.46 (m, 3 H), 7.43-7.37 (m, 1 H), 7.05-6.90 (m, 2 H). 6.70-6.62 (m, 1 H), 6.43 (dt, J = 1, 9 Hz t 1 H). 5.30 (br 
s, 1 H), 3.91 (ABq, Av v3 = 27.5 Hz, J = 17 Hz, 2 H). Analysis calculated for C^H^CIFaNaOO^S H 2 0: C, 62.70; H, 
5 3.63; N, 10.44. Found: C, 62.78; H, 3.51; N, 10.29. 



EXAMPLE 16 



3-(2-Chloro-phenyl)^-fluoro-2-f(6-m^ 

10 

A mixture of 3-(2-chloro-phenyl)-6-fluoro-3 : 4-dihydro-quinazolin-4-one-2-carboxaldehyde (0.170 g, 0.56 mmol) 
and 2-amino-6-picoline (0.050 g, 0.46 mmol), in methanol (10 mL) was refluxed overnight. The reaction was concen- 
trated and the residue was flash chromatographed on silica gel (25 g). Elution proceeded as follows: 1 0% ethyl acetate 
/ hexane (500 mL), nil; 20% ethyl acetate / hexane (300 mL), nil; (100 mL), 0.082 g of intermediate imine; (300 mL), 

*s 0.192 g of a mixture of starting material and imine. The pure imine (0.082 g 0.21 mmol) was dissolved in ethanol (10 
mL) and 10% palladium on carbon (0.082 g) and formic acid (0.357 mL, 9.45 mmol) were added. The reaction was 
stirred at ambient temperature for 24 hours. The reaction was carefully neutralized with sodium bicarbonate and then 
filtered through celite. The pad was well washed with ethyl acetate. The filtrate was concentrated to afford 0.068 g 
(82%) of 3-(2-chbro-phenyl)-6-fluoro-2-[(6-methyl-pyridin-2-ylamino)-methyl]-3H-quinazolin-4-one as a colorless oil 

20 which had: 1 H NMR 6 7.92 (dd, J = 3, 8 Hz, 1 H), 7.80 (dd, J = 5, 9 Hz, 1 H), 7.65-7.64 (m, 1 H), 7.53-7.48 (m, 4 H), 
7.43-7.40 (m, 1 H), 7.37-7.31 (m, 1 H), 6.47 (d, J = 7 Hz, 1 H) : 6.25 (d, J = 8 Hz. 1 H), 4.18 (dd, J = 5, 18 Hz, 1 H), 
4.00 (dd, J = 5, 18 Hz, 1 H), 2.37 (s, 3 H); APCI MS m/z = 395 (P+1). 

EXAMPLE 17 

25 

3-(2-Chloro-phenvl)-2-ff2-fluoro-phenvlamino)-methyl1-3H-thienof3,2-dlPvrimidin-4-one 

A mixture of 3-(2-chloro-phenyl)-4-oxo-3,4-dihydro-thienof3,2-dipyrimidine-2-carboxaldehyde (0.435 g, 1 .5 mmol), 
2-fluoroaniline (0.121 mL, 1.25 mmol), and anhydrous sodium sulfate (2.1 g 15 mmol) in glacial acetic acid (10 mL) 

30 was stirred overnight at ambient temperature. Sodium triacetoxyborohydride (0.795 g ( 3.75 mmol) was added in one 
portion and the reaction was stirred for four hours. The reaction was carefully poured into saturated aqueous sodium 
bicarbonate and repeatedly extracted with methylene chloride. The combined organic phase was washed with water 
and brine, dried over sodium sulfate and concentrated. The residue was flash chromatographed on silica gel e luting 
with 2:1 hexane / ethyl acetate. After elution of a 50 mL forerun, 15 mL fractions were collected. Fractions 3-12 were 

35 combined and concentrated to afford 0.1 90 g (39%) of 3-(2-chlorophenyl)-2-[(2-fluoro-phenylamino)-methyl]-3H-thieno 
[3,2-d]pyrimidin-4-one as a tan solid which had: mp 1 75-1 76°C; 1 H NMR 6 7.84 (d, J = 5.5 Hz, 1 H), 7.66 (dd, J = 1 .5, 
8 Hz, 1 h), 7.53 (sym m, 2 H), 7.42 (d, J = 5.5 Hz, 1 H), 7.37 (dd, J = 2, 7 Hz, 1 H), 6.97 (ddd, J = 1.5, 8, 11.5 Hz, 1 
H), 6.90 (t, J = 7.5 Hz, 1 H), 6.63 (sym m, 1 H), 6.40 (dt, J = 1.5, 9 Hz, 1 H), 5.17 (br s, 1 H), 3.96 (dd, J = 5.5, 17 Hz, 
1 H), 3.87 (dd, J = 5,17 Hz, 1 H). Analysis calculated for Cj 9 H, 3 CIFN 3 OS: C, 59.15; H, 3.40; N, 10.89. Found: C, 58.96; 

40 H, 3.41; N, 11.17. 

EXAMPLE 18 



3-(2-Chloro-phenvl)-2-ff3-pvrrolidin-1-vlmethvl-phenvlamino)-methvll-3H-thienof3,2-dlpvhmidin-4-one Hydrochloride 

45 

To a mixture of 3-(2-chloro-phenyl)-4-oxo-3,4-dihydro-thieno[3 ! 2-d]pyrimidine-2-carbaldehyde (0.326 g, 1.13 
mmol) and 3-(pyrrolidin-1-yl-methyl)-aniline (0.132 g, 0.75 mmol) in dichloroethane (10 mL) was added sodium triac- 
etoxyborohydride (0.477 g, 2.25 mmol) portionwise. The reaction was stirred for 24 hours, and then carefully poured 
into saturated aqueous sodium bicarbonate and repeatedly extracted with chloroform. The combined organic phase 

so was washed with water and brine, dried over magnesium sulfate and concentrated. The residue was flash chromato- 
graphed on silica gel (12 g, packed in chloroform). After eluting with chloroform (25 mL), elution was continued with 
2-5% methanol / chloroform. Fractions containing the product [silica gel tic R f = 0.20 (9:1 chloroform / methanol with 
1% triethylamine)] were combined and concentrated to afford 0.166 g (53%) of the free base of the title product as a 
viscous oil which had: *H NMR 5 7.84 (d, J = 5.5 Hz, 1 H), 7.65 (m, 1 H), 7.52 (sym m, 2 H), 7.40 (d, J = 5 Hz, H), 7.37 

55 (m, 1 H), 7.07 (t, J = 8 Hz, 1 H), 6.66 (d, J = 7.5 Hz, 1 H). 6.61 (s, 1 H), 6.37 (dd, J = 2, 8 Hz, 1 H), 5.02 (br t, J = 5 Hz, 
1 H), 3.94 (dd, J = 5, 17 Hz, 1 H), 3.84 (dd, J = 5, 17 Hz, 1 H), 3.51 (s, 2 H), 2.48 (br s, 4 H), 1.75 (br s, 4 H). This oil 
was taken up in ether and treated with 1 N ethereal hydrochloric acid (0.75 mL, 0.75 mmol). The resulting slurry was 
concentrated and dried to afford 0.115 g (31%) of 3-(2-chloro-phenyl)-2-[(3-pyrrolidin-1-ylmethyl-phenylamino)-me- 
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thyl]-3H-thieno[3,2-d]pyrimidin-4-one hydrochloride as a tan solid which had : mp 148-1 51 -C. 
EXAMPLE 19 

3-r2-Chloro-phenvn-6-fluoro-2-<2-fluoro-benzvlamino )-3H-guinazolin-4-one 

A suspension of 265 mg (0.87 mmol) of 3 -(2-chloro-phenyl)-6-fluoro-2-thioxo-2,3-dihydro-1H-quinazolin-4-one in 

Ztere^^Z ^n up in ethyl acetafe, washed with water and brine, and then the sclent was evaporated 
to aive 2-chloro-3-(2-chloro-phenyl)-6-fluoro-3H-quinazolin-4-one as a solid. This matenal was dssolved hn 10 mL of 
absolute ethanol and 216 m (1 .73 mmol) of 2-fluorobenzylamine and the mixture was ref.uxed overn.gh . The reac ton 
m^u^as celled and the solvent was evaporated. The residues were partitioned between ethyl acetate and d.lu e 
hS and^he a^eous phase was extracted further with ethyl acetate. The combined organic extracts were dned wrth 
brSe and 4h Ignes'ium suHate (MgS0 4 ) and evaporated to give a gum which was crystalhzed from ether to g>ve 
157 mg (45%) of the desired product, m p. 163 - 165°C. 

EXAMPLE 20 

a-r2-Chloro-phenvh-6-fluoro-P-r^vridin-2-v im ft thvn-amino1-3H-quinazolin-4-one 

A suspension of 306 mg (1.0 mmol) of 3-(2-chlor 0 - P henyl)-6-fluoro-2-tJiioxo-2,3-dihy^o-1H-quinazolin-4-one in 
2 0 mL o^ POCll was treated with 350 mg of PC I 5 and the mixture was refluxed for 2.5 hours. The solvent was evaporated 
Zte le^lZZ taken up in ethyl acetafe, washed with water and brine, and then the solvent was evaporated 
tc gi^e ^2 chloro-3-(2-chlor 0 -phen y i)-6-fluoro-3H-quinazolin-4- 0 ne as a so.id. This matenal was d.ssolved ,n 1 £ > mL of 
absolute ethanol and 238 mg (2.20 mmol) of 2-aminomethylpyridine and the mixture was refluxed overn.ght. The re _ 
action mWurJ was coo.ed and the solvent was evaporated. The residue was dissolved ,r .ethyl acetate and gashed 
twS wTwater. The organic layer was dried with brine and with MgSO, and evaporated to g,ve a gum wh,ch was 
crystallized from ether to give 1 90 mg (50%) of the desired product, m p. 1 56 - 1 58 C. 

PREPARATION 1 

a-/P-Chloro-PvriHin-3-vl^6-fi..nro-3.4-dihvd ro-nuin a zolin-4-one-P-carboxaldehyde 

A mixture of 3 -(2-chloro-pyridin-3-yl)-6-fluoro-2-methyl-3,4-dihydro-quinazolin-4-one (3.5 g, 12.0 mmol) and 
^TZr^L LX\ a cL (3.2 ml. 24 mmc.) in dimethylformamide (1 2 mL) was refluxed lor 2 ^ hours. The 

was triturated with ethanol and the yellow crystalline solid was collected and dned togwe ^ 1 0«B7£<* 3 (2 chloro 
?mf H ^7 3lldt J = 3 8.5 Hz,' 1 H). 3 87 (d, J = 12.2 Hz, 1 H), 2.80 (br s, 6 H). Analysis calculated for C l7 H 14 C,FN 4 0: 
was added 3-<2-chloro-pyridin-3-yl)-6-fluoro-2-(2-dimethylamino-vm^ (1.0 g. 2.90 

l Ih'ZmI CH, Addiion of 0 2 O to the NMR sample caused the mtiltlplet at 6.64 ppm to d.sappear ahd 

PREPARATION 2 

3-f2-Chloro-phenvn^-fluoro-3.4-dihvd ro-auinazolin-4^ne-2-carboxaldehyd 

A mixture of 3-<2-chloro-phenyl^ < 10 9' ^^l^^'Sl 
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with m thanol and the bright yellow crystallin solid which formed was collected and dried to give 1 .075 g (90%) of 3- 
(2-chloro-phenyl)-6-fluoro-2-(2<iime^ which had: mp 210-211° C; 1 H 

NMR 5 7.86 (d, J = 12.3 Hz, 1 H), 7.79 (dd, J = 3, 8.5 Hz, 1 H), 7.61-7.54 (m, 1 H), 7.51-7.29 (m. 5 H), 4.06 (d, J = 
12.3 Hz, 1 H), 2.80 (brs. 6 H). Analysis calculated for C 18 H 15 CIFN 3 0: C, 62.89; H, 4.40; N, 12.22. Found: C, 62.75; 
S H.4.28; N, 12.29. 

To a well stirred mixture of sodium periodate (2.24 g, 10.47 mmol) in pH 7 buffer (10 mL) and tetrahydrofuran (10 
mL) was added 3-(2-chloro*phenyl)-6-fluoro-2-(2<iimethylamino-vinyl)-3,4<iihydrcHquinazolin-4-one (0.90 g, 2.62 
mmol) all at once. The mixture warmed slightly to the touch and was stirred 1 h at ambient temperature. The reaction 
was filtered through celite and the pad was rinsed with ethyl acetate. The phases were separated from the filtrate and 
io the aqueous layer was extracted with ethyl acetate. The combined organic phase was washed with brine, dried over 
magnesium sulfate, and concentrated to afford 0.802 g (97%) of 3-(2-chloro-phenyl)-6-fluoro-3,4<lihydro-quinazoIin- 
4-one-2-carboxaldehyde as a 1 :2 mixture of free aldehyde and hydrate which had: 1 H NMR 5 9.52 (s,) [CHO], 8.20-7.45 
(m, 7 H), 6.75 (d, J = 7.4 Hz) [hydrate OH] and 6.49 (d, J = 8 Hz) [hydrate OH], 5.14 (t, J = 7.5 Hz) [hydrate methine CH]. 



15 PREPARATION 3 



6-Fluoro-3,4-dihvdro-3-(2-methvl-pyridin-3-vl)-quinazolin-4-one>2-carboxaldehvde 

A mixture of 6-fluoro-3,4-dihydro-2-methyi-3-(2-methyl-pyridin-3-yl)-quinazolin-4-one (1.02 g, 3.79 mmol) and 

20 dimethylformamide dimethyl acetal (1.01 mL, 7.58 mmol) in dimethylformamide (5 mL) was heated to 140°C for 24 
hours. Additional dimethylformamide dimethyl acetal (2 mL) was added and the reaction was heated at 140°C for 16 
hours. The reaction was cooled to ambient temperature and concentrated at reduced pressure. The dark residue was 
triturated with ether and the dark purple crystalline solid which formed was collected and dried to give 0.69 g (56%) of 
6-fluoro-2-(2-dimethylamino-vinyl)-3,4<iihydro-3-(2-methyl-pyridin-3-yl)-quinazolin-4<>ne which had: 1 H NMR 5 8.61 

25 (dd, J = 1 .5, 5 Hz, H), 7.87 (d, J = 12.3 Hz, 1 H) t 7.78 (dd, J = 3, 8.5 Hz, 1 H), 7.50-7.45 (m, 2 H), 7.39-7.29 (m, 2 H), 
3.97 (d, J = 12.3 Hz, 1 H), 2.86 (br s, 6 H), 2.35 (s, 3 H). 

To a well stirred mixture of sodium periodate (1.76 g, 8.26 mmol) in pH 7 buffer (10 mL) and tetrahydrofuran (15 
mL) was added 6-fluoro-2-(2-dimethylaminovinyl)-3,4-dihydro-3-(2-methyl-pyridin-3-yl)-quinazolin-4-one (0.69 g, 2.12 
mmol) all at once. The mixture warmed slightly to the touch and was stirred for 1 hour at ambient temperature. The 

30 reaction was concentrated at reduced pressure and the residue treated with a 1:2 mixture of water and chloroform. 
The tan solid was collected, washed well with water and chloroform and dried under a stream of nitrogen to afford 0.50 
g (80%) of 6-fluoro-3,4-dihydro-3-(2-methyl-pyridin-3-yl)-quinazolin-4-one-2-carboxaldehyde as a 1:1 mixture of free 
aldehyde and hydrate which had: mp 175-177°C; 1 H NMR 5 9.46 (s, 0.5 H) [CHO], 8.53 (br s, 1 H), 8.10-8.07 (s, 0.5 
H), 7.94-7.70 (m, 3.5 H), 7.39-7.32 (m, 1 H), 6.59 (br s, 0.5 H) [hydrate OH], 6.47 (brs, 0.5 H) [hydrate OH], 5.17 (s, 

35 0.5 H) [hydrate methine CH], 2.20 (s, 3 H); APCI MS m/z = 284.1 (P+1 ). 



PREPARATION 4 



3-(2-Chloro-phenvl)4-oxo-3,4-dihvdro-thienof3,2-d]pyrimidine-2-carbaldehvde 

A mixture of 3-(2-chloro-phenyl)-2-methyl-4-oxo-3,4-dihydro-thieno[3,2-d]pyrimidine (9.4 g, 34.06 mmol) and 
dimethylformamide dimethyl acetal (9.0, 68. 1 2 mmol) in dimethylformamide (70 mL) was heated to 1 40°C for 24 hours. 
The reaction was cooled to ambient temperature and concentrated at reduced pressure (50°C bath temperature). The 
residue was slurried in methanol and concentrated at reduced pressure. This methanol slurry / concentration procedure 
was repeated twice. The residue was triturated with methanol and the light yellow crystalline solid which formed was 
collected and dried to give 1 0. 1 g (85%) of 3-(2-chloro-phenyl)-2-(dimethylamino-vinyl)-4-oxo-3,4-dihydro-thieno[3,2-d] 
pyrimidine which had: 1 H NMR 5 7.83 (d, J = 12.5 Hz, 1 H), 7.68 (d, J = 5 Hz, 1 H), 7.57 (m, 1 H), 7.41 (m, 2 H), 7.31 
(m, 1 H), 7.14 (d, J = 5 Hz, 1 H), 4.06 (d, J = 12.5 Hz, 1 H), 2.77 (br s, 6 H). 

To a well stirred mixture of sodium periodate (9.7 g t 45.3 mmol) in pH 7 buffer (115 mL) and tetrahydrofuran (115 
mL) was added 3-(2-chloro-phenyl)-2-(dimethylamino-vinyl)-4-oxo-3,4-dihydro-thieno[3,2-d]pyrimidine (5.0 g, 15.1 
mmol) all at once. The mixture warmed slightly to the touch and was stirred for 1 hour at ambient temperature. The 
reaction was filtered through celite and the pad was washed with ethyl acetate. The phases were separated from the 
filtrate and the aqueous layer was extracted with ethyl acetate. The combined organic phase was washed with brine, 
dried over sodium sulfate and concentrated to a yellow oil. The oil was flash chromatographed on silica gel (70 g) with 
lution proc eding as follows: 50% methylene chlorid / hexan (500 mL), unweighed forerun; 50% ethyl ac tate / 
hexane (1000 mL), 4.6 g (100%) of S^-chloro-phenyO^-oxo-S^-dihydro-thienoIS^-dJpyrimidine^-carbald hyd as 
a foam which was a 2:1 mixture of free aid hyde and hydrate and had: 1 H NMR 5 9.56 (s) [CHO], 7.94 and 7.87 (pair 
of d, J = 5.2. 5.4 Hz, respectively, 1 H), 7.60-7.30 (m, 5 H), , 5.30 (dd, J = 7, 9.5 Hz) [hydrate methine CH). 4.76 (d, J 
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= 9 5 Hz) [hydrate OH] 3.79 (d, J = 7 Hz) [hydrate OH]. Note that the doublets at 4.76 and 3.79 ppm ar washed out 
and the dd at 5.30 ppm is converted to a singlet when deuterium oxide is added to the NMR sample. 



5 



10 



IS 
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PREPARATION 5 

3-(2-Chloro-Dhenvl)-3.4-dihvdro-quinazolin-4-o ne-2-carboxaldehyde 

(A) A mixture of 3-(2-chloro-phenyl)-2-methyl-3.4-dihydro-quinazolin-4-one (1 .0 g. 3.69 mmol) and dimethylforma- 
n^de die hy. aceia. (0.64 ml, 4.8 mmol) in dimethy.^^ 

Lethylformamide dimethyl acetal (0.32 mL. 2.4 mmol) was added and heafng was continued ^^>"? 
24 hours The reaction was cooled to ambient temperature and concentrated at reduced pressure (60 C berth 
temperature). The dark residue was triturated with methanol and the pale orange sold which formed I was > collected 
and'dried to give 0.75 g (62%) of W***™*^*^^ 
which had: m P 228-230°C; i H i H NMR 8 8.19 (d, J = 8 Hz, 1 H) 7.91 (d^J = 

4.10 (d, J = 12.3 Hz, 1 H), 2.81 (br s, 6 H). Analysis calculated for C 18 H 16 CIN 3 0. C, 66.36, H, 4.95, N, i^.au. 

(BTo^weTst^d mixtteof^ium periodate (1.38 g, 6.45 mmol) in water (6 ^^^^ 
was added 3 -(2-chloro- P henyl)-2-(2-dimethylamino-vinyl)-3,4-d.hydro-quinazohn-4-one (0.70 g 2.15 ^mrnol) a at 
once The mixture warmed slightly to the touch and was stirred for 1 hour at amb.ent temperature. The react on 
wTs^edTh^ 

aqueous sodium bicarbonate and phases were separated. The aqueous layer was extracted with ethyl acetate^ 
The combined organic phase was washed with brine, dried over potassium carbonate, and concentrated. The 

chloride / hexane (400 mL), nil; (100 mL) and 50% ethyl acetate/hexane (150 mL), 0.51 g (B2%) of *-<? ch ™° 

Stained about 20^of 3-(2^hloro P henyl)^4^ 

of the enamine; exists exclusively in its enolized form to take advantage of an interna! hydrogen , be nd o N1 oHhe 
quinazolin-4-one). Identifying features of each of the components of this mixture can be observed m the NMR 

spectrum as defined in the table below: 
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40 



45 



so 



Kev NMR shifts of the components in preparation 5 (ppm) 


2-carboxaldehyde 


Hydrated 2-carboxaldehyde 


Enolized 2-Acetaldehyde 


9.60 (s) [CHO] 


5.30 (m) [methine CH] 4.94 (d, J = 9.3 Hz) 
[OH] 3.90 (d : J = 7.2 Hz) [OH] 


8.71 (d, J = 3.7 Hz) and 4.40 (d, J = 3.7 Hz) 
[enol protons, cis coupled] 
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Consistent with preparations 1 -4. execution of preparation 5 in pH 7 buffered water will suppress formation of the 
enolized 2-acetaldehyde side product. 

PREPARATION 6 

3-(2-Chloro-phenvn-6-fluoro-2-thioxo-2,3 -dihvdro-1H-guinazolin-4-one 

A solution of 1 04 g (6.71 mmol) of 5-fluoroanthranilic acid and 1 .1 3 g (6.71 mmol) of 2-chlorophenylisottiocyanate 
in 10 m° o g?al acetic acid was refluxed for 2.5 hours. The reaction mixture was cooled and the acetic acid was 
vapored* to give a ye.low so.id residue, which was taken up in ethyl acetate and ether. The solid was f.ltered off and 
washed with ether and air dried to give 1 .48 g (72%) of the desired product, m.p. 295 - 297 C. 

Separation of Atropis omers by HPLC 

Example 21 

The HPLC separation of the atropisomers of 3-(2-Chloro.phenyl)-6.fluoro-2.[(3-pyrrolidin-1-ylmethy|. P henylami- 
no)-methyl]-3H-quinazolin-4-one is described below. 
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Column 


Chiralpak AO 


Mobile Phase 


85/1 5 hexane/isopropyl alcohol with 0.1% diethylamine 


Flow Rate 


1 mL/min 


Detection 


UV (250 nM) 


Retention Time (first atropisomer) 


13.635 min 


Retention Time (second atropisomer) 


16.509 min 



Example 22 

The HPLC separation of the atropisomers of 2-([3-(2-Chloro-pyridin-3-yl)-6-fluoro-4-oxo-3,4-dihydro-quina2olin- 
2-ylmethyi]-amino}-benzonitrile is described below. 



Column 


Chiralpak AD 


Mobile Phase 


70/30 hexane/isopropyl alcohol with 0.1 % diethylamine 


Flow Rate 


1 mL/min 


Detection 


UV (335 nM) 


Retention Time (first atropisomer) 


8.522 min 


Retention Time (second atropisomer) 


14.101 min 



Claims 

1. An compound of the formula 

30 



35 



40 



45 




so wherein 

A is a benzo or thieno fused aromatic ring; 
B is phenyl, pyridyl or pyrimidyl; 
X is N or CH; 

ss Y and Z, taken together, Le., Y-Z, are either -CH 2 NH- or -NHCH 2 -; 

R 1 is s lected from hydrogen, (C r C 6 )aIkyl optionally substitut d with from one to three fluorine atoms, cyano, 

halo, amino, nitro and (Cj-Cgjalkoxy optionally substituted with from one to three fluorine atoms; 

R 2 is halo, cyano, (C r C 6 ) alky! optionally substituted with from one to three fluorine atoms, nitro, amino, (C r 
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C 6 )alkylthio. (C n -C 6 )alkoxy optionally substituted with from one to thr fluorine atoms, hydroxy, H-C(= O)-. 

^^SS^^M^SSSX. from hydrogen, (Chalky! optionally substituted with from on. -to 
three Juorine atoms, halo, cyano. hydroxy ( Cl -C 6 )alkoxy optionally substituted with from one to three fluonne 

atoms, -C(=0)H, -CH 2 OR 5 and -CH 2 NR 6 R 7 ; 

R5 is hydrogen, (C^CsJalkyl or ^OKC^CgJalkyl; and 

R6 and R7 are selected, independently, from hydrogen, (CVC^alkyl and -C(= OMCi-CgJalKyi. 
or S and S, taken together with the nitrogen to which they are attached, form a four to ^ ™«*T" 
saturated or unsaturated ring wherein one of the carbon atoms of such nng may opfonal* be replaced by 
oxygen or nitrogen; 

or a pharmaceutical^ acceptable salt of such compound. 

A compound according to claim 1 wherein Y-Z is -CH 2 NH-, ring A is a benzo ring and is fluoro. 

A compound according to claim 1 wherein R* is halo, methyl or trifluoromethyl. 

A comoound according to claim 1 wherein Y-Z is -CH 2 NH-, ring A is a benzo ring. Ri is fluoro. ring B is 2-pyridyl 
or phen'yl and are se.ected. independently from fluoro. cyano, methyl, formyl, hydrogen and hydroxyme- 

thyl. 

A compound according to claim 1 wherein ring A is benzo, ring B is phenyl. R- is fluor* 

R3 is CH 2 NRW wherein theNRW moiety is a morpholine, pyrrolidine or p.pend.ne nng, or R*and R are selected, 
independently, from (C 1 -C 6 )alkyl, 

A compound according to claim 1 wherein said compound is selected from the group consisting of: 

2- {[3-(2-chloro-pyridin-3- y l)-6-fluoro-4-oxo-3.4-d^ 

3- 3- 2-chloro-phen y l)-6-fluoro-4-ox 0 -3.4-dihydro-quinazolin-2-ylmethyl]-am.no}-benzonrtnle; 
t2-chloro-phenyl)-2-[(3-diethylaminomethyl- P henylamino)-methyl]-6-fluoro-3H-qu,nazol.n-4-one, 
3-(2-chloro-phenyl)-6-fluoro-2-(pyrimidin-2-ylaminomethyl)-3H-quinazolin-4-one; 
3-(2-chloro-pyridin-3-yl)-6-fluoro-2-(m-tolylamino-methyl)-3H-quinazolin-4-one; 
3-2-chloro-pyridin-3-yl)-6-fluoro-2-[(6-methyl-pyridin-2-ylamino)-methyl]-3H-qu.nazol.n-4-one. 

3 f2-chloro-Dhenvli-6-fluoro-2-(pyridin-2-ylaminomethyl)-3H-quinazolin-4-one; 

tfuor"^ 

3-f2-chloro-Dhenyl)-6-fluoro-2-[(2-fluoro-benzylamino)-methyl]-3H-qumazolin-4-one; 
lf3(2chloro-phenyl)^ 

3-2-chloro-pyridin-3-yl)-6-fiuoro-2-[(2-fluoro-phenylamino)-methyl]-3H-quinazolin-4-one : 
3-2-chloro-phenyl)-6-fluoro-2-[(2-fluoro-phenylamino)-methyl]-3H-quinazolin-4-one; 
si-chloro-phenyO-e-fluoro^-tte-methyl-pyridin^-ylaminoJ-methyq-SH-quinazolin^-one, 
3-2-chloro-phenyl)-2-[(2-fluoro-phenylamino)-methyl]-3H-thieno(3,2-d]pyrim.d.n-4-one;and 

and the pharmaceutically acceptable salts of these compounds. 

A pharmaceutical composition for treating a condition selected from stroke, cerebral ischemia spinal co rd trauma, 
' hJTd trauma Alzheimer's Disease, Huntington's Chorea, amyotrophic lateral sclerose, AIDS-.nduced dement.a, 
muscu ar T P a s r r 9 rLL headaches, urLry incontinence, psychosis, convuisions, perinatal hypox.a card-ac 
«r^ n^^S^te neuronal damage, opiate tolerance and withdrawal, ocular damage and ret.nopathy .d.opath- 
f S drug induct ZZon'e Dise^se'anxiety. emesis, brain edema, chronic or acute pain, tard,ve dy*n~a 
and c reSa. deficits subsequent to cardiac bypass surgery and grafting, in a mammal, eorm-<"«rtd 
a compound according to claim 1 that is ffective in treating such condition and a pharmaceufcaHy acceptable 



carrier. 



8. 



A pharmaceutical composition tor treating a disorder or condition, the treatment of which can be effected or facil- 
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itated by reducing or inhibiting glutamate neurotransmission in a mammal, comprising an amount of a compound 
according to claim 1 that is effective in tr ating or preventing such disorder or condition and a pharmaceutically 
acceptable carrier. 

9. A method for treating a condition selected from stroke, cerebral ischemia, spinal cord trauma, head trauma, Alzhe- 
imer's Disease, Huntington's Chorea, amyotrophic lateral sclerosis. AIDS-induced dementia, muscular spasms, 
migraine headaches, urinary incontinence, psychosis, convulsions, perinatal hypoxia, cardiac arrest, hypoglycemic 
neuronal damage, opiate tolerance and withdrawal, ocular damage and retinopathy, idiopathic and drug induced 
Parkinson's Disease, anxiety, emesis, brain edema, chronic or acute pain, tardive dyskinesia and cerebral deficits 
subsequent to cardiac bypass surgery and grafting.in a mammal, comprising administering to a mammal requiring 
such treatment an amount of a compound according to claim 1 that is effective in treating such condition. 

10. A method for treating a disorder or condition, the treatment of which can be effected or facilitated by reducing or 
inhibiting glutamate neurotransmission in a mammal, comprising administering to a mammal requiring such treat- 
ment an amount of a compound according to claim 1 that is effective in treating or preventing such disorder or 
condition. 
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